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Abstract 
The project focused on designing and testing enclosures that surround Vertical Axis 
Wind Turbines (VAWT), allowing faster air flow in order to improve the overall efficiency. 
Utilizing SolidWorks, the team designed different enclosures by altering the location and size of 
the enclosure’s inlet and outlet. The three most promising designs were identified and built for 
wind tunnel testing. The results show the power generated by the turbine is significantly 
increased with the installation of an enclosure.  
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Introduction  
The depletion and hazardous effects of fossil fuels on Earth has been driving the 
population to turn to alternative methods for energy production. Wind is a sustainable energy 
solution that has been utilized throughout history through the use of turbines. Although wind is 
not one of the leading cost effective power sources today; recent increased research has led to 
improvements in wind turbine technology. 
Wind turbines today fall into two basic groups: Horizontal-Axis Wind Turbines (HAWTs) 
and Vertical-Axis Wind Turbines (VAWTs). HAWTs are built to harness higher winds, but are 
limited to a single wind direction. VAWTs can capture wind from any direction and require 
lower wind speeds to harness power. VAWT can then be further broken down into Savonius 
and Darrieus turbines. The main difference between these two types of VAWT’s is that Savonius 
generates power from drag forces while Darrieus from the lift forces on the blades. 
A newer approach for improving the efficiency of a VAWT is through a partial enclosure. 
By enclosing a VAWT, the wind may have a more evenly distributed and faster flow through the 
enclosure. Work has been started by WPI students to test and address such ideas. A previous 
MQP group began to “determine if enclosing VAWTs in a shroud could increase the efficiency of 
the turbines” (Holak & Mourkas, 2012). While they concluded that enclosures did improve the 
efficiency of the turbine, they had trouble quantifying such results due to problems measuring 
torque and obtaining power.  
Ultimately, power output will be able to be obtained through more experimentation 
and testing of enclosed VAWTs.  The goal of this paper will be to analyze the velocity and 
behavior of the air flow through enclosures via simulations. This will lead to an end result of an 
increased power output for VAWTs through the use of specially designed enclosures. These 
results will be quantified through wind tunnel testing of scale models. 
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Background 
Types of Turbines 
Vertical axis wind turbines (VAWTs) can be classified into two main categories. The first 
category is known as Savonius VAWTs, as shown in Figure 1. Invented by Finnish engineer 
Sigurd Savonius in 1924, these turbines usually consist of two to four curved blades that 
resemble scoops (EcoSources.info, 2008). The blades are often connected at the center shaft. 
However, on some Savonius turbines, there is a space in between the blades in the center of 
the turbine, as seen in Figure 2. Additionally, some others have blades that twist around the 
center of the turbine, creating a spiral look, as seen in Figure 3. This type of turbine can spin in 
very low wind and is stable in high winds (REUK, 2008). However, due to the fact that they only 
operate on aerodynamic drag forces, they usually have 15% efficiency (REUK, 2008). 
 The other main VAWT is known as a Darrieus turbine, invented by French engineer 
Georges Jean Marie Darrieus in 1927 (EnergyBeta.com, n.d.). These turbines commonly consist 
of three blades shaped like air foils, which cut into and through the wind, rather than catch it. 
These air foils operate off lift forces rather than drag forces (EnergyBeta.com, n.d.). This allows 
Figure 3: Savonius VAWT 3 
(Source:http://savonius-
balaton.hupont.hu/felhasznalok_
uj/1/1/110372/kepfeltoltes/wa-
20.jpg) 
Figure 1: Savonius VAWT 
(Source:http://en.wikipe
dia.org/wiki/Savonius_wi
nd turbine) 
Figure 2: Savonius VAWT 2 
(Source:http://www.ecosources.info/en/topics/Savonius_
vertical_axis_wind_turbine) 
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these turbines to reach speeds that are higher than the speed of the wind (EnergyBeta.com, 
n.d.). Therefore, they are more efficient for generating electricity than Savonius turbines, which 
are better for pumps and fans (EnergyBeta.com, n.d.) (EcoSources.info, 2008).  
There are three main kinds of Darrieus VAWTs, as seen in Figure 4, all with different 
shaped blades. These blades are complex and difficult to make with most modern 
manufacturing processes, creating a high cost of energy for the turbines (Berg, 1990). Another 
disadvantage of these turbines is that they are not self-starting. Therefore, some energy might 
be required to start them with a motor (REUK, 2007).   
Previous MQP  
 A previous MQP investigated the effect of putting an enclosure around a vertical axis 
wind turbine.  Three enclosures were created, which were numbered 2 through 4. Enclosure 0 
referred to tests without an enclosure, in their project. Enclosure 2, in Figure 5, had two 
openings. The first opening was off center, in order to block the returning wind and carry the 
wind 260° around the turbine to the exit. Enclosure 3, in Figure 6, had three openings. The first 
opening was off-set so it also blocked the returning wind, but it left most of the remaining 
enclosure open. Enclosure 4, in Figure 7, had two openings, one which blocked the returning 
wind, and one that had the same sized opening on the opposite side of the enclosure.    
Figure 4: Darrieus VAWTs 
(Source:http://www.ivt.ntnu.no/offshore2/wp-
content/uploads/2010/11/Savonius.png) 
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Figure 5: Previous Enclosure 2 
(Source: (Holak & Mourkas, 2012)) 
Figure 6: Previous Enclosure 3 
(Source: (Holak & Mourkas, 2012)) 
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Figure 8: Four Bladed 60-Degrees Enclosure Comparison 
(Source: (Holak & Mourkas, 2012)) 
 
 
Figure 7: Previous Enclosure 4 
(Source: (Holak & Mourkas, 2012)) 
Figure 9: Eight Bladed Enclosure Comparison 
(Source: (Holak & Mourkas, 2012)) 
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The figures above measure RPM vs. wind speed. Because they did not apply any loads to 
the system, no torque measurements were made. RPM is linear with wind speed, and the 
graphs above show that an enclosure does increase speed (Holak & Mourkas, 2012). 
Torque Measurements 
 There are many different ways to measure the torque in a system. The previous MQP 
group attempted to use a torque sensor in order to investigate the torque on the shaft of a 
VAWT, however no results were presented in their report. Torque meters like this are very 
useful for measuring systems where there is a net torque on the system. However, for the 
VAWT, since it will accelerate until the frictional force equals the net torque generated, there 
will be no overall torque produced by the system. 
 Another common method of calculating torque is through applying a measurable equal 
torque through the shaft. This is done by using a motor with a known voltage applied to it to 
produce the torque. This torque can then be calculated using known properties of the motor.  
Car dynamometers use a similar concept, which involve a large rotating drum that applies a 
counter load to the car wheels. The torque and power can be calculated by how fast the drum 
is spun at certain loads (Brain, 2013). 
The principles of this type of torque measurement have also been used in previous 
torque studies of wind turbines. One study used small DC motors to provide a counter torque. 
DC motors are effective because their torque and power output is directly related to the 
voltage input. These tests were then run with variable torque and rotational speed was 
measured (Catapult Design, 2010). 
Power Measurements 
List of Variables Used: 
𝐹𝑎𝑖𝑟 = 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑖𝑟 
𝑃𝑎𝑖𝑟 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑐𝑟𝑒𝑎𝑡𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑎𝑖𝑟 
𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 
𝑉 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑖𝑟 
𝜏 = 𝑡𝑜𝑟𝑞𝑢𝑒 
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𝜔 = 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 
𝑃 = 𝑝𝑜𝑤𝑒𝑟 
𝐴 = 𝑎𝑟𝑒𝑎 
Equations Used 
There are two main ways to calculate the power output of a vertical axis wind turbine. 
The first way is mechanical calculation. This method involves calculating the measured torque 
and the measured speed or angular velocity (of the turbine). To calculate power, the following 
equation is used: 
𝑷 = 𝝉 ∗ 𝝎 
Torque and speed are indirectly related, resulting in maximum power usually being found 
around 50% maximum torque (Catapult Design, 2010).  
The second way to calculate the power output of the turbine is through using the speed 
of the wind. The equation correlating power and wind is shown below: 
𝑷 = 𝟏
𝟐
∗ 𝝆 ∗ 𝑨 ∗ 𝑽𝟑 ∗ 𝜼 
𝜂 is the efficiency of the turbine. This number will vary, based on the types of blades and size of 
the turbine. This equation is commonly used to calculate a theoretical power to compare with a 
recorded power, calculated from the first equation.  
Torque Estimations 
The following are a set of equations used to estimate the maximum torque that can be 
generated by the turbine at each wind speed. This is an estimate for turbines that use drag 
forces, not lift forces. 
Equations: 
𝐹𝑎𝑖𝑟 = 𝑃𝑎𝑖𝑟 ∗ 𝐴𝑏𝑙𝑎𝑑𝑒 
𝑃𝑎𝑖𝑟 = 𝜌 ∗ 𝑉22  
Assumptions: 
𝑉 = 7 𝑚
𝑠
 
𝜌 = 1.20 𝑘𝑔
𝑚2
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𝐴𝑏𝑙𝑎𝑑𝑒 = 1 𝑖𝑛 ∗ 10 𝑖𝑛 = 10 𝑖𝑛2 = .0064 𝑚2 
Results: 
𝐹𝑎𝑖𝑟 = 𝜌 ∗ 𝑉22 ∗ 𝐴𝑏𝑙𝑎𝑑𝑒 = 1.20 ∗ 722 ∗ .0064 = 0.188 𝑁 
𝜏 = 𝐹𝑎𝑖𝑟 ∗ 𝑟𝑡𝑢𝑟𝑏𝑖𝑛𝑒 = 0.188 𝑁 ∗ .0762 𝑚 = .0143 𝑁 ∗ 𝑚 
Power Estimations 
𝑷 = 𝟏
𝟐
∗ 𝝆 ∗ 𝑨 ∗ 𝑽𝟑 ∗ 𝜼 
 Through calculating the amount of power from the wind, a calculation of the maximum 
or ideal power the turbine could produce would be able to be made. In an ideal situation, the 
maximum efficiency of a turbine is 59.3%.  
 
𝑉 = 7 𝑚
𝑠
 
𝜌 = 1.20 𝑘𝑔
𝑚2
 
𝐴𝑏𝑙𝑎𝑑𝑒 = 1 𝑖𝑛 ∗ 10 𝑖𝑛 = 10 𝑖𝑛2 = .0064 𝑚2 
𝑃 = 12 ∗ 1.2 ∗ .0064 ∗ (7)3 ∗ 0.593 
𝑃 = 0.78 𝑊 
 
Scaling Factors 
𝑷 = 𝟏
𝟐
∗ 𝝆 ∗ 𝑽𝟑 ∗ 𝑨 
Theoretically, the power produced by the turbine increases linearly with the area of the 
blade.  However, other factors need to be considered when increasing its size.  As the blade 
area increases, the material properties of the blades become important. The heavier the 
material, the more difficult it is for the wind to push the blades.  By increasing the weight of the 
blade, it becomes more difficult for the wind to self-start the turbine. However, as the turbine is 
scaled up, the frictional forces will decrease proportionally with size. 
Another important factor for power produced is velocity.  From the equation above, 
velocity is cubed, which demonstrates that as the velocity increases, the power will increase 
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much more. This relationship demonstrates the importance of wind speed and how it affects 
the power produced.   
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Approach to Methodology 
In order to achieve the goals set forth for this project, the team utilized SolidWorks Flow 
Simulation to analyze the wind flow through the enclosures. SolidWorks flow simulation further 
developed the designs to maximize the velocity of the wind through the enclosure in order to 
select the most successful ones for manufacturing.  
The most successful enclosures from the simulations and previous MQP were 
assembled. The team did experimental testing in the Higgins closed circuit wind tunnel. An RPM 
reader and a small motor were attached to the turbine system with the goal of investigating the 
power output increase produced by enclosing turbines. 
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SolidWorks Flow Simulation 
 
Flow Simulation by SolidWorks was utilized to analyze the interactions between the 
wind, specifically behavior and velocity, and the enclosure of the wind turbine.  This simulation 
solves the equation of motion for fluid flow through user specified geometries and boundary 
conditions. The user defines the base fluid properties, such as air pressure, density, and domain 
area.  The program then runs calculations and provides various output options as results.    
Boundary Conditions 
The approximate operational values of the turbines were assumed to be at sea level 
(101 kPa) and room temperature (293 K), and were entered into the flow simulation.  Because 
the lowest wind speed at which a wind turbine can operate economically is 7m/s, this value was 
chosen for the inlet velocity in all simulations.   
Air velocity was chosen to approach the turbine at the left side of the enclosure, in the X 
direction. The direction of the wind was an arbitrary decision and was based solely on the 
direction that the enclosed model was facing. 
 
Figure 10: Computational Domain 
The computational domain, surrounding the enclosure, was created to reproduce the 
experimental location, the wind tunnel. A domain size of 1 meter was chosen for length (X) as 
well as width (Z) and 0.5 meters was chosen for height (Y). The enclosure acted as the only 
walls in the simulation. The simulation was also limited because the software was not capable 
of generating a moving turbine or blades. While imperfect, this provided a preliminary look at 
flow associated with enclosure.  
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The results of these simulations were viewed in a cut plot, which allowed for the results 
to be displayed in the XZ plane, top down view of the enclosure and domain area. This view 
provided easy visibility when analyzing velocity changes around and within the enclosures.  
 The SolidWorks Flow Simulation was run acknowledging that the turbine which would 
be used for physical testing has flat blades. These flat blades make these turbines easier and 
less expensive to manufacture, opposed to the complex curved blades and air foils, seen in 
Savonius and Darrieus turbine designs.   
Procedure 
Goal 
 The area along the inside edge of the enclosures, from the inlet to the outlet, will be 
most effected by the entering wind. This area will be further referred to as the focus area. The 
main goal was to attain the highest air velocities in the focus area in order for the turbine to 
have a high power output. Various sizes and locations of the inlets and outlets were analyzed 
for this to be achieved.  
Method 
A systematic, parametric variation was carried out when using SolidWorks. The process 
changed one feature on the enclosure at a time. The features altered were: the location of the 
inlet, the size of the inlet, and the location of the outlet. This method created the ability to 
compare the results of each feature to one other, as well as showing which features worked 
better when paired with others. A naming convention was associated with the method, which 
can be seen in Table 1.  
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Table 1: Naming Conventions 
 1 2 3 4 
First number 
 (inlet location) 
Center on 
horizontal 
22.5° below 
horizontal 
45° below 
horizontal 
- 
Second number 
(inlet width) 
2.35 in 3.53 in 4.07 in - 
Third number 
(outlet location) 
30° below 
horizontal 
(2.35 in) 
Center on 
horizontal 
(2.35 in) 
30° above 
horizontal 
(2.35 in) 
30° below 
horizontal,  
(3.53 in) 
 The name of each enclosure includes three numbers, each associated with the three 
different features. Different numbers for each of the three number locations represented the 
several alterations to each feature. For example, if the first number was a 1, then the center of 
the inlet was located directly on the horizontal line crossing through the center of the 
enclosure’s cross section, as seen in Figure 11. If the first number was a 2, then the center of 
the inlet was located 22.5° below the horizontal line, also seen in Figure 11. 
 
Figure 11: Inlet location angles 
 Initially, 4.07 inches was chosen as the greatest width of the inlet because its opening is 
equivalent to ¼ of the circumference of the enclosure. Therefore, 2.35 inches was chosen 
because it is roughly ½ of 4.07 inches, and 3.53 inches is roughly ¾ of 4.07 inches. These values 
are rough because they were originally calculated in millimeters, with different rounded values. 
 Originally, the team expected that the inlet, if centered facing the oncoming wind, 
would have the air flow directly through the center of the enclosure, missing the focus area of 
the enclosure. This was tested by analyzing the geometry of one inlet centered on the 
horizontal line of the enclosure. Another inlet at an angle of 22.5° below the horizontal was 
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chosen because it is equal to ½ of 45°. And the final inlet angle of 45° was chosen because at 
this angle, the inlet is equidistant from the horizontal line and the vertical line passing through 
the center of the cross section of the enclosure. Angles larger than 45° from the horizontal 
were not considered because the inlet would become too tangential to the airflow direction, 
which would prevent considerable amounts of air from entering the enclosure. 
 An outlet 30° below the horizontal plane was chosen to allow for enough space between 
the inlet and outlet, as well as increase air flow through the focus area. The outlet was also 
placed in the center and 30° above the horizontal line, in order to see if the air flowing through 
the enclosure could be carried up along the focus area for a longer distance. The width of the 
outlet was kept at 2.35 inches, which is the same width as the smallest inlet width. The decision 
was made to alter only the enclosures that had high wind velocities and smooth flow through 
the focus area, rather than trying multiple widths for every single enclosure. 
Analyzing Data 
 The team did not start the tests by creating every possible enclosure listed in Table 1. 
Instead, the team iterated the analysis based on encouraging results from various/previous 
models. Enclosure designs that had poor results were not tested further, and all enclosures 
started with a 2.35 inch wide outlet at 30° below the horizontal. The inlets were first widened 
and shifted, and then the outlets on promising designs were also widened. 
Enclosures Beginning with 1 
Initially, enclosures with the inlet centered on the horizontal line (beginning with 1) 
were created and tested. The only enclosures that were developed were: 111, 121, and 131 - 
each with different inlet widths. All three of these enclosures gave poor results, due to the 
airflow passing through the center of the enclosures, regardless of the inlet width. In fact, the 
air velocity decreased in the focus area compared to the initial wind velocity, which can be 
viewed from enclosure 121, Figure 12.  
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Figure 12: Enclosure 121 
It was concluded that if the outlet was moved to either being centered or 30° above the 
horizontal, then the same results would be found. Therefore, further investigation on 
enclosures with centered inlets was ended. 
Enclosures Beginning with 2 
After these tests, enclosures having the inlet placed 22.5° below the horizontal were 
created and tested. Initially, the airflow velocities near the focus area did not alter from the 
initial wind of the simulation, as seen in enclosure 221, Figure 4. 
 
Figure 13: Enclosure 221 
When the enclosure outlets were moved to 30° above the horizontal, the airflow passed 
through the center of the enclosure, similarly to the results of enclosures beginning with 1. This 
can be seen from enclosure 223, in Figure 14. 
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Figure 14: Enclosure 223 
It was also discovered that when the inlet was made 4.07 inches wide, at the same inlet 
location, similar results were obtained in which the high velocity airflow passed through the 
center, rather than along the focus area, even when the outlet was 30° below the horizontal, as 
seen in enclosure 231, Figure 15.  
 
Figure 15: Enclosure 231 
Of all the enclosures starting with 2, the enclosure that had the highest air velocities 
near the focus area was enclosure 221. Therefore, its outlet was widened from 2.35 inches to 
3.53 inches, in order to see if there were any more positive results. As seen in Figure 16, 
enclosure 224 actually exhibited an increase in air velocity around its inlet, with higher 
velocities at the focus area. 
24 
 
 
Figure 16: Enclosure 224 
Enclosures Beginning with 3 
Enclosures having the inlet placed 45° below the horizontal were created and tested. It 
was discovered that the widest inlet, of 4.07 inches, provided the highest velocities near the 
focus area, as seen in Figure 17, of enclosure 331. 
 
Figure 17: Enclosure 331 
As previously discovered, the centered outlets pull the air through the center of the 
enclosure. However, enclosure 333, as seen in Figure 18, with the outlet being placed 30° above 
horizontal, had surprising and interesting results because the air flowed along the focus area. 
The expected result was that the air would flow through the center of the enclosure, which had 
previously been observed. 
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Figure 18: Enclosure 333 
 Of all the enclosures with the inlets placed 45° below the horizontal (beginning with 3), 
enclosure 331 had the best results. Therefore, as with earlier runs, its outlet was widened from 
2.35 inches to 3.53 inches. Once again, this resulted in an increase in air velocity along the inlet 
and focus area, as seen in Figure 19, of enclosure 334. 
 
Figure 19: Enclosure 334 
After all of these tests were completed, many general conclusions were made: 
• The smallest inlet sizes did not increase the air velocity inside the enclosure 
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• Outlets centered on and 30° above the horizontal seemed to only pull the airflow 
directly through the center of the enclosure, rather than along the focus area 
• Most importantly, large inlets produced the highest wind speeds inside the enclosure, 
especially when paired with a 75 mm wide outlet at 30° below horizontal. 
Simulating Turbines in the Enclosures 
 Along with testing just the enclosures in SolidWorks Flow Simulation, it seemed 
important to simulate a test with the turbines inside of them as well. However, no success was 
made in allowing the turbines to spin freely. 
 Nevertheless, the team still wished to see how the wind acted on the stationary blades 
in the enclosure. Therefore, the turbine blades were locked in place at different positions, in 
order to see how the wind behaved around them. This method provided a means of viewing 
how the wind hit the turbine blades near the inlet. Because the results were very similar 
between each enclosure, such that the air would directly hit the blades and flow around them, 
the results were deemed unimportant. An example of this technique can be viewed in Figure 20 
of enclosure 221. 
 
Figure 20: Quasi Flow of Enclosure 221 
Results 
 After completing the simulation tests, three enclosures were selected for manufacturing 
and physical testing: enclosures 224, 333, and 334. These enclosures all had good airflow 
through their focus areas, some with increases in air velocity. The enclosures can be seen in 
Figure 21. 
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Figure 21: Final Enclosure Designs - 224, 333, 334, respectively 
Enclosure 224 
• Inlet 3.53 inches wide, centered 22.5° below the horizontal 
• Outlet 3.53 inches wide, centered 30° below the horizontal 
• Highest air velocity through this enclosure occurs at its inlet 
o Ranging from 7.1 to 8.0 m/s 
 Increases from the simulation’s 7 m/s initial air velocity 
• Air velocities in the focus area range from 6.2 to 7.1 m/s 
 
Figure 22: Enclosure 224 
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This enclosure was chosen due to its increase in air velocity at its inlet, as well as the 
fact that its focus area is able to maintain the initial air velocity of the simulation. 
Enclosure 333 
• Inlet 4.07 inches wide, centered 45° below the horizontal 
• Outlet 2.35 inches wide, centered 30° above the horizontal 
• Highest air velocity through this enclosure occurs at its inlet 
o Ranging from 6.2 to 7.1 m/s 
• Air velocities in the focus area range from 4.4 to 5.3 m/s 
 
Figure 23: Enclosure 333 
This enclosure was chosen because the air flows along the entire length of the focus 
area, which was unexpected from initial assumptions made for this type of enclosure outlet. 
Also interestingly, the large focus area could result in a great amount of torque produced by the 
turbine, although the wind speed inside the enclosure decreases from the initial air velocity. 
Enclosure 334 
• Inlet 4.07 inches wide, centered 45° below the horizontal 
• Outlet 3.53 inches wide, centered 30° below the horizontal 
• Highest air velocity through this enclosure occurs across most of its inlet 
o Ranging from 7.1 to 7.9 m/s 
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• Air velocities in its focus area range from 5.3 to 7.1 m/s 
 
Figure 24: Enclosure 334 
This enclosure was chosen similarly to enclosure 224; due to its increase in air velocity 
across its inlet and the fact that its focus area has high velocities. 
Enclosures 224 and 334 have the same outlet dimensions and similar inlet dimensions. 
Enclosure 333 has the same inlet dimensions as 334, but both have completely different outlet 
dimensions. Each enclosure blocks the oncoming wind from the returning blades of turbine, 
which are spinning against the wind. This works to eliminate the counteracting forces acting on 
the unenclosed turbine. 
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Experimental Procedure 
Testing was completed in the Higgins closed circuit wind tunnel. The dimensions for the 
enclosures and turbine were obtained from the previous MQP group’s dimensions. In order for 
the enclosure to fit within the 6 inch diameter opening of the tunnel, the external diameter of 
the enclosure was chosen to be 5.75 inches, with the external diameter of the turbine being 
5.25 inches. The rudimentary turbine design consisted of four flat blades each angled at 60°, as 
seen in Figure 25. These blades catch the wind and use drag to turn, similarly to the Savonius 
turbines. 
 
Figure 25: Turbine 
The same turbine was first tested without an enclosure, in order to obtain the base 
power output of the turbine. The turbine was then tested with the most efficient/successful 
enclosure from last year’s MQP group, followed by the testing of the three best enclosures 
determined from the air flow simulations.  
The wind speeds used during testing reached a maximum of 30 m/s, with increasing 
increments of 5 m/s. An RPM reader was mounted below the shaft of the turbine and 
connected to a data acquisition device, which recorded the RPMs of the turbine every five 
seconds to the computer. A 10 Watt motor was attached to the top of the turbine shaft. The 
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motor was tested at 1 volt increments from 0-8 volts, producing a torque in the opposite 
direction of the turbine rotation. This provided a resistance that was measured through the 
output amperage, which was used to calculate the torque and power output of the turbine. 
 
Figure 26: Wind Tunnel Assembly 
Procedure 
The following steps were completed in order to test the turbine without an enclosure, 
the previous MQP group’s most successful enclosure, and the three new enclosures (224, 333, 
334). 
1. After securely installing the turbine and enclosures, turn on wind tunnel to make sure it 
is functioning properly 
a. Make sure the RPM reader is properly connected to the data acquisition device 
b. Make sure the computer is ready to read data 
c. Make sure the motor is properly connected to the power supply 
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2. Begin testing at either 5 or 10 m/s (the turbine might not start spinning at the lowest 
wind speed) 
a. Make sure the motor has no applied voltage during the initial test of each 
turbine setup 
3. Increase the wind speed at increments of 5 m/s, with a maximum of 30 m/s 
a. Each speed increment should be held for 1 minute 
b. At the end of 1 minute, change to the next speed increment, allotting 10 seconds 
for a transition period until the next minute begins 
c. If the higher wind speeds create noisy vibrations in the turbine, terminate the 
test 
4. Perform steps 2-3 at increments of 1 volt applied to the motor, with a maximum of 8 
volts. 
a. At each wind speed increment, record the output amperage displayed on the 
power supply, making sure the electrical power in the system does not exceed 
10 Watts 
b. At higher voltages, ensure that the turbine is spinning due to the wind rather 
than the applied rotation from the motor in the opposite direction 
5. After each test, save the resulting RPM data and compile in Excel 
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Testing Table 
Table 2: Testing Table 
  0 V 1 V 2 V 3 V 4 V 5 V 6 V 7 V 8 V 
10 m/s 
224 
333 
334 
224 
333 
334 
224 
333 
334 
224 
333 
334 
224 
333 
334 
224 
333 
334    
15 m/s 
N.E. 
O.E. 
224 
333 
334 
N.E. 
O.E. 
224 
333 
334 
 
O.E. 
224 
333 
334  
O.E. 
224 
333 
334  
O.E. 
224 
333 
334 
O.E. 
224 
333 
334        
20 m/s 
N.E. 
O.E. 
224 
333 
334 
N.E. 
O.E. 
224 
333 
334 
N.E. 
O.E. 
224 
333 
334 
N.E. 
O.E. 
224 
333 
334 
N.E. 
O.E. 
224 
333 
334 
N.E. 
O.E. 
224 
334 N.E.   
25 m/s 
N.E. 
O.E. 
224 
N.E. 
O.E. 
224 
N.E. 
O.E. 
224 
N.E. 
O.E. 
224 
N.E. 
O.E. 
N.E. 
O.E. N.E. N.E. N.E. 
30 m/s 
N.E. 
O.E. 
N.E. 
O.E. 
N.E. 
O.E. 
N.E. 
O.E. 
N.E. 
O.E. 
N.E. 
O.E. N.E. N.E.  
 
 In the table above: N.E. = No Enclosure and O.E. = Old Enclosure   
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Results 
After obtaining the data from the testing of the different setups, dimensionless speed, 
power, and torque were calculated and plotted. The dimensionless speed, torque, and power 
were calculated as shown below. The wind speeds tested were from 10 to 30 m/s. The tests 
were stopped at a maximum wind speed of 30 m/s due to vibrations in the system jeopardizing 
the testing apparatus. 
Dimensionless Speed: 𝒖∗ = 𝝎∗𝒓
𝒖
 
Dimensionless Torque: 𝒕∗ = 𝒕𝒆𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍
𝝆∗𝑽𝟐
𝟐
∗𝑨𝒃𝒍𝒂𝒅𝒆∗𝒓
 
Dimensionless Power: 𝑷∗ = 𝒕𝒆𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍∗𝝎𝟏
𝟐
 𝝆∗𝑽𝟑𝑨  
Although the graphs display outliers with power or torque equal to zero, these are not 
accurate. This is due to the fact that there is internal torque in the system (such as friction 
within the motor) that is not factored into the results. This torque has a larger effect on our 
testing, due to the small size of the turbine. This torque does not scale with the size of the 
turbine and will become negligible at larger sizes. 
The turbines were not tested at low rotational speeds, due to limitations of the testing 
motor. The motor that was chosen for this project, while capable of handling a low torque 
output at high speeds with a maintained accuracy, was not capable of producing the torque 
necessary to slow the turbine blades enough to collect the data that uses high amounts of 
torque with low amounts of angular velocity. This results in limited data for the low 
dimensionless speeds, as seen below in the graphs. 
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No Enclosure 
 
Figure 27: No Enclosure: Dimensionless Speed vs. Dimensionless Power 
The data plotted in Figure 27 displays the second portion of what should be an “upside 
down u” curve.   This graph shows the small interval of dimensionless speeds during which the 
turbine will be most efficient.  The turbine reaches its maximum dimensionless power between 
0.012 – 0.014.  
 
Figure 28: No Enclosure: Dimensionless Speed vs. Dimensionless Torque 
The data plotted in Figure 28 displays a negative linear slope of dimensionless speed vs. 
dimensionless torque. It demonstrates, that as the wind speed increases, the torque in the 
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system decreases. This graph shows the small interval of dimensionless speeds during which 
the turbine will be most efficient.  The turbine reaches its minimum dimensionless torque 
between 0.027 – 0.04. 
Old Enclosure 
 
Figure 29: Old Enclosure: Dimensionless Speed vs. Dimensionless Power 
The data plotted in Figure 29 displays a portion of what should be an “upside down u” 
curve.  This curve shows the first, and part of the second, portion of the curve. Based on the 
winds speeds tested, this enclosure reaches its maximum dimensionless power between 0.0225 
– 0.025.  
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Figure 30: Old Enclosure: Dimensionless Speed vs. Dimensionless Torque 
The data plotted in Figure 30 displays a negative linear slope of dimensionless speed vs. 
dimensionless torque. The turbine reaches its minimum dimensionless torque between 0.04 – 
0.06. 
Enclosure 334 
 
Figure 31: Enclosure 334: Dimensionless Speed vs. Dimensionless Power 
The data plotted in Figure 31 displays the second portion of what should be an “upside 
down u” curve.  The turbine reaches its maximum dimensionless power between 0.175 – 0.2.  
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Figure 32: Enclosure 334: Dimensionless Speed vs. Dimensionless Torque 
The data plotted in Figure 32 displays a negative linear slope of dimensionless speed vs. 
dimensionless torque. The turbine reaches its minimum dimensionless torque between 0.1 – 
0.15. The wind speed was not tested above 20 m/s due to increased vibrations within the 
system as well as requiring an input power from the motor higher than its rated maximum.   
Enclosure 333 
 
Figure 33: Enclosure 333: Dimensionless Speed vs. Dimensionless Power 
The data plotted in Figure 33 displays the second portion of what should be an “upside 
down u” curve.  The turbine reaches its maximum dimensionless power between 0.13 – 0.157.  
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Figure 34: Enclosure 333: Dimensionless Speed vs. Dimensionless Torque 
The data plotted in Figure 34 displays a negative linear slope of dimensionless speed vs. 
dimensionless torque. The turbine reaches its minimum dimensionless torque between 0.1 – 
0.14. 
Enclosure 224  
 
Figure 35: Enclosure 224: Dimensionless Speed vs. Dimensionless Power 
The data plotted in Figure 35 displays part of what should be an “upside down u” curve.  
The turbine reaches its maximum dimensionless power between 0.115 – 0.13.  
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Figure 36: Enclosure 224: Dimensionless Speed vs. Dimensionless Torque 
The data plotted in Figure 36 displays a negative linear slope of dimensionless speed vs. 
dimensionless torque. The turbine reaches its minimum dimensionless torque between 0.055 – 
0.1. 
Dimensionless Torque Comparison 
To compare the torque output for each enclosure, the dimensionless torque values have 
been combined into one graph. For this comparison, the outliers in the data have been 
removed to improve the best fit line calculations within excel. For comparison purposes, the 
assumption is made that the data will create a linear dimensionless comparison. 
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Figure 37: Dimensionless Torque Comparison  
The old enclosure shows a significant increase of torque at higher wind speeds over the 
no-enclosure tests. However, the trend line shows no-enclosure will produce higher amounts of 
torque at low wind speeds. It is important to note that there is no data in which the old 
enclosure produced less torque than the no-enclosure turbine at the same wind speed.  The 
data for the non-enclosure turbine is tightly clustered, when compared to other enclosure data. 
Trends may change based on increased amount of data for higher and lower wind speeds. 
The data show that the designed enclosures greatly increase the amount of torque 
produced by the turbine. The max torque recorded for the three designed enclosures is four 
times greater than the max recorded torque for the no-enclosure turbine.  
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Dimensionless Power Comparison 
 
Figure 38: Dimensionless Power Comparison 
The data show the designed enclosures significantly increase the power output of the 
turbine. The most efficient enclosure, the 334 Enclosure, was able to increase the maximum 
recorded power output by a factor of ten, over the no-enclosure turbine tests. The old 
enclosure tests create a much more complete power curve than the new enclosure turbine 
tests. This indicates that the maximum power output of the old enclosure turbine can be 
assumed, while more testing on the other enclosures will be necessary for this to be found.  
For comparison purposes, best fit lines can be included with the given assumption that 
no power can be generated with zero speed. Also, the assumption is made that the data will 
create the curve of a second power polynomial. 
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Figure 39: Magnification of Dimensionless Power Comparison 
The comparison between the power production of the no-enclosure turbine and old 
enclosure tests yield similar results to the torque comparison. For Figure 39, the outliers in the 
data have been removed.  The old enclosure allows for a higher max torque at higher speeds 
over the no-enclosure turbine. While basic patterns can be assumed from this data, it is difficult 
to create an appropriate best fit line for either set. 
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Figure 40: Amplification of Dimensionless Power Comparison 
The outliers in the data have been removed to allow excel to calculate best fit lines. 
From the three designed enclosures, the 334 enclosure was the most efficient, producing 33% 
more max power than the 333 or 224 enclosures. All of the designed enclosures have maximum 
recorded power outputs between the 0.4 and 0.6 dimensionless speed mark.  
For these best fit lines, the assumption stated above for power constraints is used to 
create more appropriate curves from the data. To find a more accurate constraint for this 
portion of the data, tests must be run with very high torques applied to the system. The motor 
used for this testing was unable to apply the torques, due to the significant power increase 
caused by the new enclosures. 
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Opening Vent Size of the Enclosure: 
Opening Size (Rank) Enclosure Max Power 
1 334 0.206 
1 333 0.156 
2 224 0.128 
3 Old Enclosure 0.025 
Figure 41: Opening Size vs. Power 
The table above compares the opening size of each tested enclosure with the amount of 
power produced. Although the data are insufficient to generate an exact relation between the 
two, there are enough data to show a pattern. As seen above, the larger the inlet size (highest 
ranked with 1), the more overall power will be generated. Enclosures 334 and 333 had the 
largest openings and show the highest power generation. 
Opening Size (Rank) Enclosure Theoretical Max Torque 
1 334 0.731 
1 333 0.606 
2  224  0.596 
3 Old Enclosure 0.147 
Figure 42: Opening Size vs. Torque 
The theoretical torque is calculated as the Y-intercept of the best fit linear line for each 
dimensionless torque graph. Since the torque increases as the rotational speed decreases, it is 
assumed that the maximum torque will occur when the rotational speed is zero. This will 
happen when the dimensionless speed is also zero. The data show that a similar pattern can be 
found in torque generation to power generation. The enclosures with larger opening vents 
produced a significant amount more torque than those with smaller openings. As with the 
power calculations, there is not enough data to generate an exact comparison, but the pattern 
can be assumed. 
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Conclusions & Recommendations 
Simulation Conclusions 
 From the simulation results and the testing results, it can be concluded that by including 
an enclosure to the turbine, the air velocity will increase and the efficiency of the power will 
improve. This is demonstrated based on the enclosures that were chosen from the simulations, 
which created higher power outputs than an unenclosed turbine.  
 For future simulations, results can be improved by including the rotating turbine within 
the enclosure, allowing the turbine to move within the simulation, and then viewing the results. 
The speed of the turbine can be determined through testing, which will allow for the process to 
move back and forth from testing to simulating, with each new simulation using data from 
previous tests to improve accuracy. This will allow for new models to be able to accurately 
predict power outputs allowing for reduced amount of physical testing that is needed. 
Testing Conclusions 
 Using an enclosure increases the amount of torque that is generated by the turbine at 
each wind speed. Each of the maximum torques calculated for the designed enclosures were 
more than three times larger than the torque generated by the turbine without an enclosure. 
The positioning of the inlet and outlet played a large role in increasing the torque production 
from the turbine. The torque grew with the expansion of the entrance for the enclosure. The 
334 and 333 enclosures generated more torque than the enclosure with the smaller entrance, 
224, or the previous year’s enclosure.  
 Addition of an enclosure also increased the power output of the turbine. The data 
displayed that the most efficient enclosure increased the power generation from the turbine by 
ten times, compared to an unenclosed turbine. Similar to the torque, power increases with the 
size of the entrance of the enclosure.  Enclosure 334 has the largest entrance size and was the 
most effective, and the previous year’s enclosure has the smallest entrance size and was the 
least effective.   
The results also confirm the theory used in designing the enclosures that focused on 
directing the air flow through the turbine, increasing efficiency of the enclosures. The enclosure 
with the largest visual wind speed in the blade region from the simulations, 334, had the 
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greatest torque and power output. This is the factor that may have caused enclosure 334 to be 
the most efficient. Further testing could be conducted to justify this belief. 
Recommendations for Future Testing 
Increase Motor Power 
One of the main limitations for this project was the capability of the motor. The motor 
was chosen based on its high accuracy at lower voltages. This project found that the efficiency 
of the enclosure produces more torque than can be safely measured with this motor at very 
high velocities. Therefore, a larger motor capable of producing higher torques would allow for 
more data to be collected. This motor could also increase situations with very low 
dimensionless speed, in order to determine if the power curves resemble those curves shown 
in the literature review. 
Increasing Airflow 
 The knowledge of the effects of airflow on power output can also be investigated 
further in the future. Research could be conducted into the possibility of adding a funnel to the 
entrance of the enclosure, in order to improve the power output of the turbine, by increasing 
the mass flow rate into the system. Furthermore, a diffuser at the back of the enclosure could 
also increase wind speed within the enclosure. 
Actively Moving Enclosure to Face the Wind 
 One of the main advantages of a vertical axis wind turbine is its ability to generate 
power regardless of the direction of the wind. However, enclosures are only effective with very 
specific wind orientation. One possible solution that can be researched to resolve this problem 
is a system to turn the enclosure so that it will face the strongest winds. A fin could be added to 
the top of the enclosure or a motorized system could be created to turn the enclosure. 
Larger Scaling to Look at Torque Changes 
 A main assumption made in this project was that as the system scaled up, the torques 
would not scale with size, making it negligible at larger sizes. While this can be assumed, 
research into how the torque scaling could increase the knowledge of future tests when scaling 
to a full sized model could be completed.  
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Appendix A: Enclosure Current Results 
(Current results are in amperage) 
No Enclosure 
  0 V 1 V 2 V 3 V 4 V 5 V 6 V 7 V 8 V 
15 m/s 0 0.21               
20 m/s 0 0.31 0.45 0.55 0.64 0.76 0.84     
25 m/s 0 0.35 0.49 0.61 0.68 0.8 0.89 1 1.07 
30 m/s 0 0.41 0.53 0.66 72 0.83 0.93 1.04   
 
Old Enclosure  
  0 V 1 V 2 V 3 V 4 V 5 V 
15 m/s 0 0.26 0.39 0.49 0.61 0.75 
20 m/s 0 0.44 0.58 0.64 0.74 0.87 
25 m/s 0 0.62 0.71 0.79 0.81 0.96 
30 m/s 0 0.74 0.83 0.93 1.03 1.07 
 
Enclosure 224 
  0 V 1 V 2 V 3 V 4 V 5 V 
10 m/s 0 0.39 0.49 0.6 0.68 0.76 
15 m/s 0 0.58 0.69 0.79 0.82 0.96 
20 m/s 0 0.77 0.87 0.96 1.04 1.1 
25 m/s 0 0.91 1 1.08     
 
Enclosure 333 
  0 V 1 V 2 V 3 V 4 V 5 V 
10 m/s 0 0.39 0.51 0.61 0.72 0.76 
15 m/s 0 0.71 0.71 0.82 0.91 0.95 
20 m/s 0 0.79 0.88 0.99 1.07   
 
Enclosure 334  
  0 V 1 V 2 V 3 V 4 V 5 V 
10 m/s  0 0.47 0.56 0.63 0.7 0.79 
15 m/s  0 0.71 0.79 0.87 0.92 1.01 
20 m/s  0 0.85 1.03 1.03 1.11   
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Appendix B: No Enclosure RPM Results 
0 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 19:30 25310 7.2 216 13.88 
3/19/2013 19:30 25311 7 210 13.52 
3/19/2013 19:30 25312 7.2 216 13.88 
3/19/2013 19:30 25313 7 210 13.52 
3/19/2013 19:30 25314 7.2 216 13.88 
3/19/2013 19:30 25315 7 210 13.52 
3/19/2013 19:30 25316 7.2 216 13.88 
3/19/2013 19:30 25317 7 210 13.52 
3/19/2013 19:30 25318 7 210 13.52 
3/19/2013 19:31 25319 7.2 216 13.88 
3/19/2013 19:31 25320 7.2 216 13.88 
3/19/2013 19:31 25321 7.4 222 14.24 
3/19/2013 19:31 25322 7.2 216 13.88 
3/19/2013 19:31 25323 8.2 246 15.67 
3/19/2013 19:31 25324 14.4 432 26.76 
3/19/2013 19:31 25325 15.4 462 28.55 
3/19/2013 19:31 25326 15.4 462 28.55 
3/19/2013 19:31 25327 15.2 456 28.19 
3/19/2013 19:31 25328 15.4 462 28.55 
3/19/2013 19:31 25329 15.2 456 28.19 
3/19/2013 19:31 25330 15.4 462 28.55 
3/19/2013 19:32 25331 15.4 462 28.55 
3/19/2013 19:32 25332 15.2 456 28.19 
3/19/2013 19:32 25333 15.4 462 28.55 
3/19/2013 19:32 25334 15.4 462 28.55 
3/19/2013 19:32 25335 15.4 462 28.55 
3/19/2013 19:32 25336 15.2 456 28.19 
3/19/2013 19:32 25337 16.4 492 30.34 
3/19/2013 19:32 25338 20.6 618 37.85 
3/19/2013 19:32 25339 21.6 648 39.64 
3/19/2013 19:32 25340 21.2 636 38.93 
3/19/2013 19:32 25341 21.8 654 40 
3/19/2013 19:32 25342 21.6 648 39.64 
3/19/2013 19:33 25343 21.6 648 39.64 
3/19/2013 19:33 25344 21.6 648 39.64 
52 
 
3/19/2013 19:33 25345 21.2 636 38.93 
3/19/2013 19:33 25346 21.4 642 39.28 
3/19/2013 19:33 25347 21.6 648 39.64 
3/19/2013 19:33 25348 21.4 642 39.28 
3/19/2013 19:33 25349 21.4 642 39.28 
3/19/2013 19:33 25350 21.4 642 39.28 
3/19/2013 19:33 25351 22.4 672 41.07 
3/19/2013 19:33 25352 27.2 816 49.66 
3/19/2013 19:33 25353 30.2 906 55.03 
3/19/2013 19:33 25354 30.6 918 55.74 
3/19/2013 19:34 25355 30.6 918 55.74 
3/19/2013 19:34 25356 30.6 918 55.74 
3/19/2013 19:34 25357 30.6 918 55.74 
3/19/2013 19:34 25358 30.4 912 55.39 
3/19/2013 19:34 25359 30.8 924 56.1 
3/19/2013 19:34 25360 30.6 918 55.74 
3/19/2013 19:34 25361 30.8 924 56.1 
3/19/2013 19:34 25362 30.8 924 56.1 
3/19/2013 19:34 25363 30.4 912 55.39 
3/19/2013 19:34 25364 30.6 918 55.74 
3/19/2013 19:34 25365 30.6 918 55.74 
 
  
53 
 
1 Volt 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 19:44 0 5.4 162 10.66 
3/19/2013 19:44 1 5.6 168 11.02 
3/19/2013 19:44 2 5.6 168 11.02 
3/19/2013 19:44 3 5.6 168 11.02 
3/19/2013 19:44 4 5.6 168 11.02 
3/19/2013 19:44 5 5.8 174 11.38 
3/19/2013 19:44 6 5.4 162 10.66 
3/19/2013 19:45 7 5.4 162 10.66 
3/19/2013 19:45 8 5.6 168 11.02 
3/19/2013 19:45 9 5.6 168 11.02 
3/19/2013 19:45 10 5.4 162 10.66 
3/19/2013 19:45 11 5.6 168 11.02 
3/19/2013 19:45 12 6.2 186 12.09 
3/19/2013 19:45 13 11.8 354 22.11 
3/19/2013 19:45 14 15 450 27.84 
3/19/2013 19:45 15 15 450 27.84 
3/19/2013 19:45 16 15 450 27.84 
3/19/2013 19:45 17 14.8 444 27.48 
3/19/2013 19:45 18 15.2 456 28.19 
3/19/2013 19:46 19 15 450 27.84 
3/19/2013 19:46 20 15 450 27.84 
3/19/2013 19:46 21 15 450 27.84 
3/19/2013 19:46 22 14.8 444 27.48 
3/19/2013 19:46 23 15.2 456 28.19 
3/19/2013 19:46 24 15 450 27.84 
3/19/2013 19:46 25 15 450 27.84 
3/19/2013 19:46 26 15.2 456 28.19 
3/19/2013 19:46 27 18.8 564 34.63 
3/19/2013 19:46 28 19.8 594 36.42 
3/19/2013 19:46 29 19.8 594 36.42 
3/19/2013 19:46 30 19.8 594 36.42 
3/19/2013 19:47 31 19.8 594 36.42 
3/19/2013 19:47 32 19.8 594 36.42 
3/19/2013 19:47 33 19.8 594 36.42 
3/19/2013 19:47 34 19.6 588 36.06 
3/19/2013 19:47 35 19.8 594 36.42 
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3/19/2013 19:47 36 19.8 594 36.42 
3/19/2013 19:47 37 20 600 36.78 
3/19/2013 19:47 38 19.8 594 36.42 
3/19/2013 19:47 39 19.8 594 36.42 
3/19/2013 19:47 40 19.8 594 36.42 
3/19/2013 19:47 41 23 690 42.15 
3/19/2013 19:47 42 26.8 804 48.95 
3/19/2013 19:48 43 29.8 894 54.31 
3/19/2013 19:48 44 31 930 56.46 
3/19/2013 19:48 45 31.2 936 56.82 
3/19/2013 19:48 46 31 930 56.46 
3/19/2013 19:48 47 31.2 936 56.82 
3/19/2013 19:48 48 31 930 56.46 
3/19/2013 19:48 49 30.8 924 56.1 
3/19/2013 19:48 50 31 930 56.46 
3/19/2013 19:48 51 31 930 56.46 
3/19/2013 19:48 52 31 930 56.46 
3/19/2013 19:48 53 31 930 56.46 
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2 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 19:55 0 14.6 438 27.12 
3/19/2013 19:55 1 14.8 444 27.48 
3/19/2013 19:55 2 14.6 438 27.12 
3/19/2013 19:55 3 14.6 438 27.12 
3/19/2013 19:55 4 14.8 444 27.48 
3/19/2013 19:55 5 14.6 438 27.12 
3/19/2013 19:55 6 14.8 444 27.48 
3/19/2013 19:55 7 14.6 438 27.12 
3/19/2013 19:55 8 14.8 444 27.48 
3/19/2013 19:56 9 14.6 438 27.12 
3/19/2013 19:56 10 14.6 438 27.12 
3/19/2013 19:56 11 14.8 444 27.48 
3/19/2013 19:56 12 14.6 438 27.12 
3/19/2013 19:56 13 14.6 438 27.12 
3/19/2013 19:56 14 14.8 444 27.48 
3/19/2013 19:56 15 14.8 444 27.48 
3/19/2013 19:56 16 17.4 522 32.13 
3/19/2013 19:56 17 19.6 588 36.06 
3/19/2013 19:56 18 19.4 582 35.71 
3/19/2013 19:56 19 19.4 582 35.71 
3/19/2013 19:56 20 19.4 582 35.71 
3/19/2013 19:57 21 19.6 588 36.06 
3/19/2013 19:57 22 19.4 582 35.71 
3/19/2013 19:57 23 19.4 582 35.71 
3/19/2013 19:57 24 19.4 582 35.71 
3/19/2013 19:57 25 19.6 588 36.06 
3/19/2013 19:57 26 19.4 582 35.71 
3/19/2013 19:57 27 19.4 582 35.71 
3/19/2013 19:57 28 19.6 588 36.06 
3/19/2013 19:57 29 19.4 582 35.71 
3/19/2013 19:57 30 20.2 606 37.14 
3/19/2013 19:57 31 24.4 732 44.65 
3/19/2013 19:57 32 25.4 762 46.44 
3/19/2013 19:58 33 25 750 45.73 
3/19/2013 19:58 34 25.4 762 46.44 
3/19/2013 19:58 35 25.2 756 46.08 
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3/19/2013 19:58 36 25.4 762 46.44 
3/19/2013 19:58 37 25.4 762 46.44 
3/19/2013 19:58 38 25.2 756 46.08 
3/19/2013 19:58 39 25.2 756 46.08 
3/19/2013 19:58 40 25.4 762 46.44 
3/19/2013 19:58 41 25.4 762 46.44 
3/19/2013 19:58 42 25.4 762 46.44 
3/19/2013 19:58 43 25.6 768 46.8 
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3 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 20:02 0 14.4 432 26.76 
3/19/2013 20:02 1 14.4 432 26.76 
3/19/2013 20:02 2 14.6 438 27.12 
3/19/2013 20:02 3 15.2 456 28.19 
3/19/2013 20:02 4 14.6 438 27.12 
3/19/2013 20:02 5 14.4 432 26.76 
3/19/2013 20:02 6 14.6 438 27.12 
3/19/2013 20:02 7 14.4 432 26.76 
3/19/2013 20:02 8 14.4 432 26.76 
3/19/2013 20:02 9 14.4 432 26.76 
3/19/2013 20:02 10 14.6 438 27.12 
3/19/2013 20:02 11 14.4 432 26.76 
3/19/2013 20:03 12 15.6 468 28.91 
3/19/2013 20:03 13 19.2 576 35.35 
3/19/2013 20:03 14 19.4 582 35.71 
3/19/2013 20:03 15 19.2 576 35.35 
3/19/2013 20:03 16 19.4 582 35.71 
3/19/2013 20:03 17 19.4 582 35.71 
3/19/2013 20:03 18 20 600 36.78 
3/19/2013 20:03 19 19.2 576 35.35 
3/19/2013 20:03 20 19.4 582 35.71 
3/19/2013 20:03 21 19.2 576 35.35 
3/19/2013 20:03 22 19.2 576 35.35 
3/19/2013 20:03 23 19.4 582 35.71 
3/19/2013 20:04 24 19.2 576 35.35 
3/19/2013 20:04 25 19.2 576 35.35 
3/19/2013 20:04 26 20 600 36.78 
3/19/2013 20:04 27 23.8 714 43.58 
3/19/2013 20:04 28 24.6 738 45.01 
3/19/2013 20:04 29 24.6 738 45.01 
3/19/2013 20:04 30 24.4 732 44.65 
3/19/2013 20:04 31 24.2 726 44.29 
3/19/2013 20:04 32 24.6 738 45.01 
3/19/2013 20:04 33 24.6 738 45.01 
3/19/2013 20:04 34 25 750 45.73 
3/19/2013 20:04 35 24.8 744 45.37 
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3/19/2013 20:05 36 24.8 744 45.37 
3/19/2013 20:05 37 24.6 738 45.01 
3/19/2013 20:05 38 24.8 744 45.37 
3/19/2013 20:05 39 24.8 744 45.37 
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4 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 20:07 0 14.2 426 26.4 
3/19/2013 20:07 1 14.2 426 26.4 
3/19/2013 20:07 2 14.2 426 26.4 
3/19/2013 20:07 3 14.2 426 26.4 
3/19/2013 20:07 4 14.2 426 26.4 
3/19/2013 20:07 5 14.2 426 26.4 
3/19/2013 20:08 6 14.2 426 26.4 
3/19/2013 20:08 7 14.2 426 26.4 
3/19/2013 20:08 8 14.2 426 26.4 
3/19/2013 20:08 9 14.2 426 26.4 
3/19/2013 20:08 10 14.2 426 26.4 
3/19/2013 20:08 11 14.4 432 26.76 
3/19/2013 20:08 12 14.2 426 26.4 
3/19/2013 20:08 13 14 420 26.05 
3/19/2013 20:08 14 15 450 27.84 
3/19/2013 20:08 15 19 570 34.99 
3/19/2013 20:08 16 19.2 576 35.35 
3/19/2013 20:08 17 19.2 576 35.35 
3/19/2013 20:09 18 19.2 576 35.35 
3/19/2013 20:09 19 19 570 34.99 
3/19/2013 20:09 20 19.2 576 35.35 
3/19/2013 20:09 21 19 570 34.99 
3/19/2013 20:09 22 19.2 576 35.35 
3/19/2013 20:09 23 19.2 576 35.35 
3/19/2013 20:09 24 19.2 576 35.35 
3/19/2013 20:09 25 19.2 576 35.35 
3/19/2013 20:09 26 19.2 576 35.35 
3/19/2013 20:09 27 19.2 576 35.35 
3/19/2013 20:09 28 19.2 576 35.35 
3/19/2013 20:09 29 21.8 654 40 
3/19/2013 20:10 30 24.2 726 44.29 
3/19/2013 20:10 31 24 720 43.94 
3/19/2013 20:10 32 24 720 43.94 
3/19/2013 20:10 33 23.8 714 43.58 
3/19/2013 20:10 34 24.2 726 44.29 
3/19/2013 20:10 35 23.8 714 43.58 
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3/19/2013 20:10 36 24.2 726 44.29 
3/19/2013 20:10 37 24 720 43.94 
3/19/2013 20:10 38 24 720 43.94 
3/19/2013 20:10 39 24 720 43.94 
3/19/2013 20:10 40 24 720 43.94 
3/19/2013 20:10 41 24 720 43.94 
3/19/2013 20:11 42 24 720 43.94 
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5 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 20:13 0 13.6 408 25.33 
3/19/2013 20:13 1 13.8 414 25.69 
3/19/2013 20:13 2 13.8 414 25.69 
3/19/2013 20:13 3 13.8 414 25.69 
3/19/2013 20:13 4 13.8 414 25.69 
3/19/2013 20:13 5 13.8 414 25.69 
3/19/2013 20:13 6 13.8 414 25.69 
3/19/2013 20:13 7 13.6 408 25.33 
3/19/2013 20:13 8 13.8 414 25.69 
3/19/2013 20:13 9 13.8 414 25.69 
3/19/2013 20:14 10 13.8 414 25.69 
3/19/2013 20:14 11 13.8 414 25.69 
3/19/2013 20:14 12 14 420 26.05 
3/19/2013 20:14 13 18.2 546 33.56 
3/19/2013 20:14 14 19 570 34.99 
3/19/2013 20:14 15 19 570 34.99 
3/19/2013 20:14 16 18.8 564 34.63 
3/19/2013 20:14 17 19 570 34.99 
3/19/2013 20:14 18 18.8 564 34.63 
3/19/2013 20:14 19 19.2 576 35.35 
3/19/2013 20:14 20 19 570 34.99 
3/19/2013 20:14 21 19 570 34.99 
3/19/2013 20:15 22 19 570 34.99 
3/19/2013 20:15 23 18.8 564 34.63 
3/19/2013 20:15 24 19 570 34.99 
3/19/2013 20:15 25 19 570 34.99 
3/19/2013 20:15 26 19.4 582 35.71 
3/19/2013 20:15 27 22.8 684 41.79 
3/19/2013 20:15 28 23.8 714 43.58 
3/19/2013 20:15 29 23.6 708 43.22 
3/19/2013 20:15 30 23.8 714 43.58 
3/19/2013 20:15 31 23.8 714 43.58 
3/19/2013 20:15 32 23.6 708 43.22 
3/19/2013 20:15 33 23.6 708 43.22 
3/19/2013 20:16 34 23.8 714 43.58 
3/19/2013 20:16 35 23.6 708 43.22 
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3/19/2013 20:16 36 23.6 708 43.22 
3/19/2013 20:16 37 23.6 708 43.22 
3/19/2013 20:16 38 23.8 714 43.58 
3/19/2013 20:16 39 23.8 714 43.58 
3/19/2013 20:16 40 23.6 708 43.22 
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6 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 20:18 0 9 270 17.1 
3/19/2013 20:18 1 8.2 246 15.67 
3/19/2013 20:18 2 7.8 234 14.95 
3/19/2013 20:18 3 8.2 246 15.67 
3/19/2013 20:18 4 8 240 15.31 
3/19/2013 20:18 5 7.6 228 14.6 
3/19/2013 20:19 6 8 240 15.31 
3/19/2013 20:19 7 8.8 264 16.74 
3/19/2013 20:19 8 8 240 15.31 
3/19/2013 20:19 9 8 240 15.31 
3/19/2013 20:19 10 9 270 17.1 
3/19/2013 20:19 11 9 270 17.1 
3/19/2013 20:19 12 9.2 276 17.46 
3/19/2013 20:19 13 13.8 414 25.69 
3/19/2013 20:19 14 18.8 564 34.63 
3/19/2013 20:19 15 18.8 564 34.63 
3/19/2013 20:19 16 19 570 34.99 
3/19/2013 20:19 17 18.8 564 34.63 
3/19/2013 20:20 18 18.8 564 34.63 
3/19/2013 20:20 19 18.8 564 34.63 
3/19/2013 20:20 20 18.8 564 34.63 
3/19/2013 20:20 21 18.8 564 34.63 
3/19/2013 20:20 22 18.8 564 34.63 
3/19/2013 20:20 23 18.8 564 34.63 
3/19/2013 20:20 24 19 570 34.99 
3/19/2013 20:20 25 18.8 564 34.63 
3/19/2013 20:20 26 18.8 564 34.63 
3/19/2013 20:20 27 19.6 588 36.06 
3/19/2013 20:20 28 23.4 702 42.86 
3/19/2013 20:20 29 23.4 702 42.86 
3/19/2013 20:21 30 23.6 708 43.22 
3/19/2013 20:21 31 23.6 708 43.22 
3/19/2013 20:21 32 23.6 708 43.22 
3/19/2013 20:21 33 23.6 708 43.22 
3/19/2013 20:21 34 23.4 702 42.86 
3/19/2013 20:21 35 23.6 708 43.22 
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3/19/2013 20:21 36 23.4 702 42.86 
3/19/2013 20:21 37 23.6 708 43.22 
3/19/2013 20:21 38 23.6 708 43.22 
3/19/2013 20:21 39 23.4 702 42.86 
3/19/2013 20:21 40 23.6 708 43.22 
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7 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 20:25 0 18.8 564 34.63 
3/19/2013 20:25 1 18.6 558 34.28 
3/19/2013 20:25 2 18.6 558 34.28 
3/19/2013 20:25 3 18.8 564 34.63 
3/19/2013 20:25 4 18.6 558 34.28 
3/19/2013 20:26 5 18.8 564 34.63 
3/19/2013 20:26 6 18.8 564 34.63 
3/19/2013 20:26 7 18.6 558 34.28 
3/19/2013 20:26 8 18.8 564 34.63 
3/19/2013 20:26 9 18.8 564 34.63 
3/19/2013 20:26 10 18.8 564 34.63 
3/19/2013 20:26 11 18.6 558 34.28 
3/19/2013 20:26 12 18.8 564 34.63 
3/19/2013 20:26 13 19.8 594 36.42 
3/19/2013 20:26 14 23.2 696 42.5 
3/19/2013 20:26 15 23.4 702 42.86 
3/19/2013 20:26 16 23.4 702 42.86 
3/19/2013 20:27 17 23.4 702 42.86 
3/19/2013 20:27 18 23.4 702 42.86 
3/19/2013 20:27 19 23.4 702 42.86 
3/19/2013 20:27 20 23.4 702 42.86 
3/19/2013 20:27 21 23.4 702 42.86 
3/19/2013 20:27 22 23.4 702 42.86 
3/19/2013 20:27 23 23.4 702 42.86 
3/19/2013 20:27 24 23.4 702 42.86 
3/19/2013 20:27 25 23.4 702 42.86 
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8 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 20:30 0 18.6 558 34.28 
3/19/2013 20:30 1 18.6 558 34.28 
3/19/2013 20:30 2 18.8 564 34.63 
3/19/2013 20:30 3 18.6 558 34.28 
3/19/2013 20:30 4 18.6 558 34.28 
3/19/2013 20:30 5 18.6 558 34.28 
3/19/2013 20:30 6 18.6 558 34.28 
3/19/2013 20:31 7 18.6 558 34.28 
3/19/2013 20:31 8 18.6 558 34.28 
3/19/2013 20:31 9 18.8 564 34.63 
3/19/2013 20:31 10 18.6 558 34.28 
3/19/2013 20:31 11 18.6 558 34.28 
3/19/2013 20:31 12 18.6 558 34.28 
3/19/2013 20:31 13 20.2 606 37.14 
3/19/2013 20:31 14 23.4 702 42.86 
3/19/2013 20:31 15 23.4 702 42.86 
3/19/2013 20:31 16 23.4 702 42.86 
3/19/2013 20:31 17 23.2 696 42.5 
3/19/2013 20:31 18 23.4 702 42.86 
3/19/2013 20:32 19 23.4 702 42.86 
3/19/2013 20:32 20 23.4 702 42.86 
3/19/2013 20:32 21 23.4 702 42.86 
3/19/2013 20:32 22 23.4 702 42.86 
3/19/2013 20:32 23 23.4 702 42.86 
3/19/2013 20:32 24 23.4 702 42.86 
3/19/2013 20:32 25 23.4 702 42.86 
3/19/2013 20:32 26 23.2 696 42.5 
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Appendix C: Old Enclosure RPM Results 
0 Volts  
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 21:10 0 10.6 318 19.96 
3/19/2013 21:10 1 10.8 324 20.32 
3/19/2013 21:10 2 10.2 306 19.25 
3/19/2013 21:10 3 10.2 306 19.25 
3/19/2013 21:10 4 10 300 18.89 
3/19/2013 21:10 5 10.4 312 19.61 
3/19/2013 21:10 6 10.6 318 19.96 
3/19/2013 21:10 7 10.2 306 19.25 
3/19/2013 21:10 8 10.2 306 19.25 
3/19/2013 21:10 9 10.4 312 19.61 
3/19/2013 21:10 10 10.2 306 19.25 
3/19/2013 21:11 11 10.2 306 19.25 
3/19/2013 21:11 12 10.4 312 19.61 
3/19/2013 21:11 13 11.6 348 21.75 
3/19/2013 21:11 14 19.6 588 36.06 
3/19/2013 21:11 15 23.8 714 43.58 
3/19/2013 21:11 16 25.4 762 46.44 
3/19/2013 21:11 17 26.6 798 48.59 
3/19/2013 21:11 18 26.8 804 48.95 
3/19/2013 21:11 19 27 810 49.3 
3/19/2013 21:11 20 27 810 49.3 
3/19/2013 21:11 21 27.2 816 49.66 
3/19/2013 21:11 22 27.4 822 50.02 
3/19/2013 21:12 23 27.4 822 50.02 
3/19/2013 21:12 24 27.2 816 49.66 
3/19/2013 21:12 25 27.6 828 50.38 
3/19/2013 21:12 26 27.2 816 49.66 
3/19/2013 21:12 27 27.8 834 50.73 
3/19/2013 21:12 28 35.8 1074 65.05 
3/19/2013 21:12 29 42.2 1266 76.5 
3/19/2013 21:12 30 44.6 1338 80.8 
3/19/2013 21:12 31 44.4 1332 80.4 
3/19/2013 21:12 32 44.8 1344 81.1 
3/19/2013 21:12 33 44.8 1344 81.1 
3/19/2013 21:12 34 45.2 1356 81.9 
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3/19/2013 21:13 35 45 1350 81.5 
3/19/2013 21:13 36 45.2 1356 81.9 
3/19/2013 21:13 37 44.8 1344 81.1 
3/19/2013 21:13 38 45.2 1356 81.9 
3/19/2013 21:13 39 45.2 1356 81.9 
3/19/2013 21:13 40 44.8 1344 81.1 
3/19/2013 21:13 41 46 1380 83.3 
3/19/2013 21:13 42 53.6 1608 96.9 
3/19/2013 21:13 43 59 1770 106.6 
3/19/2013 21:13 44 60.6 1818 109.4 
3/19/2013 21:13 45 61 1830 110.1 
3/19/2013 21:13 46 61.6 1848 111.2 
3/19/2013 21:14 47 61.8 1854 111.6 
3/19/2013 21:14 48 61.4 1842 110.8 
3/19/2013 21:14 49 61.2 1836 110.5 
3/19/2013 21:14 50 61.2 1836 110.5 
3/19/2013 21:14 51 61.4 1842 110.8 
3/19/2013 21:14 52 61.8 1854 111.6 
3/19/2013 21:14 53 61.8 1854 111.6 
3/19/2013 21:14 54 61.8 1854 111.6 
3/19/2013 21:14 55 62 1860 111.9 
3/19/2013 21:14 56 67.8 2034 122.3 
3/19/2013 21:14 57 71.4 2142 128.7 
3/19/2013 21:14 58 71.8 2154 129.5 
3/19/2013 21:15 59 71.6 2148 129.1 
3/19/2013 21:15 60 71.2 2136 128.4 
3/19/2013 21:15 61 70.4 2112 126.9 
3/19/2013 21:15 62 69.6 2088 125.5 
3/19/2013 21:15 63 70 2100 126.2 
3/19/2013 21:15 64 70 2100 126.2 
3/19/2013 21:15 65 70.4 2112 126.9 
3/19/2013 21:15 66 70.8 2124 127.7 
3/19/2013 21:15 67 71.4 2142 128.7 
3/19/2013 21:15 68 70.8 2124 127.7 
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1 Volt 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 21:20 0 11.2 336 21.04 
3/19/2013 21:20 1 11.4 342 21.39 
3/19/2013 21:20 2 11.6 348 21.75 
3/19/2013 21:20 3 11.6 348 21.75 
3/19/2013 21:21 4 11.6 348 21.75 
3/19/2013 21:21 5 11.4 342 21.39 
3/19/2013 21:21 6 11 330 20.68 
3/19/2013 21:21 7 11 330 20.68 
3/19/2013 21:21 8 11.2 336 21.04 
3/19/2013 21:21 9 11.4 342 21.39 
3/19/2013 21:21 10 11.2 336 21.04 
3/19/2013 21:21 11 11.4 342 21.39 
3/19/2013 21:21 12 11.4 342 21.39 
3/19/2013 21:21 13 18.4 552 33.92 
3/19/2013 21:21 14 24.6 738 45.01 
3/19/2013 21:21 15 27.2 816 49.66 
3/19/2013 21:22 16 29 870 52.88 
3/19/2013 21:22 17 31.2 936 56.82 
3/19/2013 21:22 18 30 900 54.67 
3/19/2013 21:22 19 30.2 906 55.03 
3/19/2013 21:22 20 30.2 906 55.03 
3/19/2013 21:22 21 30.4 912 55.39 
3/19/2013 21:22 22 30.2 906 55.03 
3/19/2013 21:22 23 31 930 56.46 
3/19/2013 21:22 24 30 900 54.67 
3/19/2013 21:22 25 29.8 894 54.31 
3/19/2013 21:22 26 29.8 894 54.31 
3/19/2013 21:22 27 31.8 954 57.89 
3/19/2013 21:23 28 40.8 1224 73.99 
3/19/2013 21:23 29 46.6 1398 84.4 
3/19/2013 21:23 30 49.4 1482 89.4 
3/19/2013 21:23 31 50 1500 90.5 
3/19/2013 21:23 32 50.2 1506 90.8 
3/19/2013 21:23 33 50.2 1506 90.8 
3/19/2013 21:23 34 50.8 1524 91.9 
3/19/2013 21:23 35 50.6 1518 91.5 
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3/19/2013 21:23 36 50.6 1518 91.5 
3/19/2013 21:23 37 50.6 1518 91.5 
3/19/2013 21:23 38 50.4 1512 91.2 
3/19/2013 21:23 39 50.2 1506 90.8 
3/19/2013 21:24 40 50 1500 90.5 
3/19/2013 21:24 41 51.8 1554 93.7 
3/19/2013 21:24 42 61.2 1836 110.5 
3/19/2013 21:24 43 64.2 1926 115.9 
3/19/2013 21:24 44 64.8 1944 116.9 
3/19/2013 21:24 45 65 1950 117.3 
3/19/2013 21:24 46 65 1950 117.3 
3/19/2013 21:24 47 65.2 1956 117.6 
3/19/2013 21:24 48 64.6 1938 116.6 
3/19/2013 21:24 49 65 1950 117.3 
3/19/2013 21:24 50 65.2 1956 117.6 
3/19/2013 21:24 51 65.6 1968 118.4 
3/19/2013 21:25 52 65 1950 117.3 
3/19/2013 21:25 53 65 1950 117.3 
3/19/2013 21:25 54 65.2 1956 117.6 
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2 Volts  
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 
21:28 0 12.4 372 23.18 
3/19/2013 
21:28 1 11.8 354 22.11 
3/19/2013 
21:28 2 12.2 366 22.83 
3/19/2013 
21:28 3 13.4 402 24.97 
3/19/2013 
21:28 4 12.4 372 23.18 
3/19/2013 
21:28 5 12.4 372 23.18 
3/19/2013 
21:28 6 12.6 378 23.54 
3/19/2013 
21:28 7 12.4 372 23.18 
3/19/2013 
21:28 8 13.8 414 25.69 
3/19/2013 
21:28 9 13.2 396 24.61 
3/19/2013 
21:28 10 12.8 384 23.9 
3/19/2013 
21:29 11 12.6 378 23.54 
3/19/2013 
21:29 12 13.6 408 25.33 
3/19/2013 
21:29 13 18.6 558 34.28 
3/19/2013 
21:29 14 27.8 834 50.73 
3/19/2013 
21:29 15 30.8 924 56.1 
3/19/2013 
21:29 16 31.4 942 57.17 
3/19/2013 
21:29 17 31.6 948 57.53 
3/19/2013 
21:29 18 32 960 58.25 
72 
 
3/19/2013 
21:29 19 31.8 954 57.89 
3/19/2013 
21:29 20 31.8 954 57.89 
3/19/2013 
21:29 21 31.4 942 57.17 
3/19/2013 
21:29 22 31.6 948 57.53 
3/19/2013 
21:30 23 31.8 954 57.89 
3/19/2013 
21:30 24 32.2 966 58.61 
3/19/2013 
21:30 25 32.2 966 58.61 
3/19/2013 
21:30 26 31.8 954 57.89 
3/19/2013 
21:30 27 34.4 1032 62.54 
3/19/2013 
21:30 28 41.4 1242 75.06 
3/19/2013 
21:30 29 44.6 1338 80.8 
3/19/2013 
21:30 30 48.4 1452 87.6 
3/19/2013 
21:30 31 49.8 1494 90.1 
3/19/2013 
21:30 32 49.4 1482 89.4 
3/19/2013 
21:30 33 49.6 1488 89.7 
3/19/2013 
21:30 34 50 1500 90.5 
3/19/2013 
21:31 35 49.6 1488 89.7 
3/19/2013 
21:31 36 49.4 1482 89.4 
3/19/2013 
21:31 37 49.6 1488 89.7 
3/19/2013 
21:31 38 49.2 1476 89 
3/19/2013 
21:31 39 49.6 1488 89.7 
3/19/2013 40 49.6 1488 89.7 
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21:31 
3/19/2013 
21:31 41 51 1530 92.2 
3/19/2013 
21:31 42 60.2 1806 108.7 
3/19/2013 
21:31 43 63.4 1902 114.4 
3/19/2013 
21:31 44 63.6 1908 114.8 
3/19/2013 
21:31 45 63.2 1896 114.1 
3/19/2013 
21:31 46 64 1920 115.5 
3/19/2013 
21:32 47 63.4 1902 114.4 
3/19/2013 
21:32 48 63.6 1908 114.8 
3/19/2013 
21:32 49 63.8 1914 115.1 
3/19/2013 
21:32 50 63.6 1908 114.8 
3/19/2013 
21:32 51 63.6 1908 114.8 
3/19/2013 
21:32 52 63.8 1914 115.1 
3/19/2013 
21:32 53 63.6 1908 114.8 
3/19/2013 
21:32 54 63.2 1896 114.1 
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TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 21:37 0 7.6 228 14.6 
3/19/2013 21:37 1 9.2 276 17.46 
3/19/2013 21:37 2 8 240 15.31 
3/19/2013 21:37 3 8.4 252 16.03 
3/19/2013 21:37 4 7.6 228 14.6 
3/19/2013 21:37 5 8.6 258 16.39 
3/19/2013 21:37 6 9 270 17.1 
3/19/2013 21:37 7 7.6 228 14.6 
3/19/2013 21:37 8 9 270 17.1 
3/19/2013 21:37 9 7.8 234 14.95 
3/19/2013 21:37 10 8.2 246 15.67 
3/19/2013 21:37 11 8.4 252 16.03 
3/19/2013 21:38 12 8 240 15.31 
3/19/2013 21:38 13 12.2 366 22.83 
3/19/2013 21:38 14 23.2 696 42.5 
3/19/2013 21:38 15 24.4 732 44.65 
3/19/2013 21:38 16 25.4 762 46.44 
3/19/2013 21:38 17 24.6 738 45.01 
3/19/2013 21:38 18 23.6 708 43.22 
3/19/2013 21:38 19 23.8 714 43.58 
3/19/2013 21:38 20 24.6 738 45.01 
3/19/2013 21:38 21 25 750 45.73 
3/19/2013 21:38 22 23.2 696 42.5 
3/19/2013 21:38 23 22.2 666 40.72 
3/19/2013 21:39 24 24.4 732 44.65 
3/19/2013 21:39 25 25 750 45.73 
3/19/2013 21:39 26 24.8 744 45.37 
3/19/2013 21:39 27 27.8 834 50.73 
3/19/2013 21:39 28 37.2 1116 67.55 
3/19/2013 21:39 29 39.8 1194 72.2 
3/19/2013 21:39 30 40.4 1212 73.28 
3/19/2013 21:39 31 40.6 1218 73.63 
3/19/2013 21:39 32 40.4 1212 73.28 
3/19/2013 21:39 33 40.4 1212 73.28 
3/19/2013 21:39 34 40.2 1206 72.92 
3/19/2013 21:39 35 40.6 1218 73.63 
3/19/2013 21:40 36 40.6 1218 73.63 
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3/19/2013 21:40 37 40.8 1224 73.99 
3/19/2013 21:40 38 40.2 1206 72.92 
3/19/2013 21:40 39 40.4 1212 73.28 
3/19/2013 21:40 40 40.6 1218 73.63 
3/19/2013 21:40 41 44.6 1338 80.8 
3/19/2013 21:40 42 56.6 1698 102.3 
3/19/2013 21:40 43 60.6 1818 109.4 
3/19/2013 21:40 44 61 1830 110.1 
3/19/2013 21:40 45 61.4 1842 110.8 
3/19/2013 21:40 46 61.8 1854 111.6 
3/19/2013 21:40 47 61.6 1848 111.2 
3/19/2013 21:41 48 61.4 1842 110.8 
3/19/2013 21:41 49 61.6 1848 111.2 
3/19/2013 21:41 50 61 1830 110.1 
3/19/2013 21:41 51 61.4 1842 110.8 
3/19/2013 21:41 52 61.6 1848 111.2 
3/19/2013 21:41 53 61 1830 110.1 
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3 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 21:37 0 7.6 228 14.6 
3/19/2013 21:37 1 9.2 276 17.46 
3/19/2013 21:37 2 8 240 15.31 
3/19/2013 21:37 3 8.4 252 16.03 
3/19/2013 21:37 4 7.6 228 14.6 
3/19/2013 21:37 5 8.6 258 16.39 
3/19/2013 21:37 6 9 270 17.1 
3/19/2013 21:37 7 7.6 228 14.6 
3/19/2013 21:37 8 9 270 17.1 
3/19/2013 21:37 9 7.8 234 14.95 
3/19/2013 21:37 10 8.2 246 15.67 
3/19/2013 21:37 11 8.4 252 16.03 
3/19/2013 21:38 12 8 240 15.31 
3/19/2013 21:38 13 12.2 366 22.83 
3/19/2013 21:38 14 23.2 696 42.5 
3/19/2013 21:38 15 24.4 732 44.65 
3/19/2013 21:38 16 25.4 762 46.44 
3/19/2013 21:38 17 24.6 738 45.01 
3/19/2013 21:38 18 23.6 708 43.22 
3/19/2013 21:38 19 23.8 714 43.58 
3/19/2013 21:38 20 24.6 738 45.01 
3/19/2013 21:38 21 25 750 45.73 
3/19/2013 21:38 22 23.2 696 42.5 
3/19/2013 21:38 23 22.2 666 40.72 
3/19/2013 21:39 24 24.4 732 44.65 
3/19/2013 21:39 25 25 750 45.73 
3/19/2013 21:39 26 24.8 744 45.37 
3/19/2013 21:39 27 27.8 834 50.73 
3/19/2013 21:39 28 37.2 1116 67.55 
3/19/2013 21:39 29 39.8 1194 72.2 
3/19/2013 21:39 30 40.4 1212 73.28 
3/19/2013 21:39 31 40.6 1218 73.63 
3/19/2013 21:39 32 40.4 1212 73.28 
3/19/2013 21:39 33 40.4 1212 73.28 
3/19/2013 21:39 34 40.2 1206 72.92 
3/19/2013 21:39 35 40.6 1218 73.63 
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3/19/2013 21:40 36 40.6 1218 73.63 
3/19/2013 21:40 37 40.8 1224 73.99 
3/19/2013 21:40 38 40.2 1206 72.92 
3/19/2013 21:40 39 40.4 1212 73.28 
3/19/2013 21:40 40 40.6 1218 73.63 
3/19/2013 21:40 41 44.6 1338 80.8 
3/19/2013 21:40 42 56.6 1698 102.3 
3/19/2013 21:40 43 60.6 1818 109.4 
3/19/2013 21:40 44 61 1830 110.1 
3/19/2013 21:40 45 61.4 1842 110.8 
3/19/2013 21:40 46 61.8 1854 111.6 
3/19/2013 21:40 47 61.6 1848 111.2 
3/19/2013 21:41 48 61.4 1842 110.8 
3/19/2013 21:41 49 61.6 1848 111.2 
3/19/2013 21:41 50 61 1830 110.1 
3/19/2013 21:41 51 61.4 1842 110.8 
3/19/2013 21:41 52 61.6 1848 111.2 
3/19/2013 21:41 53 61 1830 110.1 
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4 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 21:44 0 6 180 11.73 
3/19/2013 21:44 1 6.4 192 12.45 
3/19/2013 21:44 2 7.4 222 14.24 
3/19/2013 21:44 3 6.8 204 13.17 
3/19/2013 21:44 4 6.6 198 12.81 
3/19/2013 21:44 5 6.4 192 12.45 
3/19/2013 21:44 6 7 210 13.52 
3/19/2013 21:44 7 7.2 216 13.88 
3/19/2013 21:44 8 7.2 216 13.88 
3/19/2013 21:45 9 7.2 216 13.88 
3/19/2013 21:45 10 6.8 204 13.17 
3/19/2013 21:45 11 6.6 198 12.81 
3/19/2013 21:45 12 7 210 13.52 
3/19/2013 21:45 13 15.2 456 28.19 
3/19/2013 21:45 14 17.2 516 31.77 
3/19/2013 21:45 15 18.6 558 34.28 
3/19/2013 21:45 16 20.8 624 38.21 
3/19/2013 21:45 17 19.4 582 35.71 
3/19/2013 21:45 18 18.2 546 33.56 
3/19/2013 21:45 19 17.2 516 31.77 
3/19/2013 21:45 20 17.8 534 32.84 
3/19/2013 21:46 21 18 540 33.2 
3/19/2013 21:46 22 17.8 534 32.84 
3/19/2013 21:46 23 20.2 606 37.14 
3/19/2013 21:46 24 23 690 42.15 
3/19/2013 21:46 25 20.4 612 37.5 
3/19/2013 21:46 26 19.6 588 36.06 
3/19/2013 21:46 27 24.8 744 45.37 
3/19/2013 21:46 28 33 990 60.04 
3/19/2013 21:46 29 36 1080 65.4 
3/19/2013 21:46 30 36.6 1098 66.48 
3/19/2013 21:46 31 37 1110 67.19 
3/19/2013 21:46 32 37 1110 67.19 
3/19/2013 21:47 33 37.2 1116 67.55 
3/19/2013 21:47 34 37 1110 67.19 
3/19/2013 21:47 35 37 1110 67.19 
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3/19/2013 21:47 36 36.8 1104 66.84 
3/19/2013 21:47 37 37 1110 67.19 
3/19/2013 21:47 38 37.2 1116 67.55 
3/19/2013 21:47 39 36.8 1104 66.84 
3/19/2013 21:47 40 37 1110 67.19 
3/19/2013 21:47 41 44.6 1338 80.8 
3/19/2013 21:47 42 56 1680 101.2 
3/19/2013 21:47 43 59.4 1782 107.3 
3/19/2013 21:47 44 59.4 1782 107.3 
3/19/2013 21:48 45 59.2 1776 106.9 
3/19/2013 21:48 46 59.4 1782 107.3 
3/19/2013 21:48 47 59.6 1788 107.6 
3/19/2013 21:48 48 59.4 1782 107.3 
3/19/2013 21:48 49 59.6 1788 107.6 
3/19/2013 21:48 50 59.6 1788 107.6 
3/19/2013 21:48 51 60 1800 108.3 
3/19/2013 21:48 52 60 1800 108.3 
3/19/2013 21:48 53 59.4 1782 107.3 
3/19/2013 21:48 54 59.4 1782 107.3 
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5 Volts  
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/19/2013 21:51 0 6 180 11.73 
3/19/2013 21:51 1 6.8 204 13.17 
3/19/2013 21:52 2 6.6 198 12.81 
3/19/2013 21:52 3 6.6 198 12.81 
3/19/2013 21:52 4 7 210 13.52 
3/19/2013 21:52 5 6.8 204 13.17 
3/19/2013 21:52 6 7 210 13.52 
3/19/2013 21:52 7 6.8 204 13.17 
3/19/2013 21:52 8 6.4 192 12.45 
3/19/2013 21:52 9 6.2 186 12.09 
3/19/2013 21:52 10 5.2 156 10.3 
3/19/2013 21:52 11 6 180 11.73 
3/19/2013 21:52 12 7 210 13.52 
3/19/2013 21:52 13 14.4 432 26.76 
3/19/2013 21:53 14 20.4 612 37.5 
3/19/2013 21:53 15 19.2 576 35.35 
3/19/2013 21:53 16 18.4 552 33.92 
3/19/2013 21:53 17 19.4 582 35.71 
3/19/2013 21:53 18 18.6 558 34.28 
3/19/2013 21:53 19 18.8 564 34.63 
3/19/2013 21:53 20 19.6 588 36.06 
3/19/2013 21:53 21 19.8 594 36.42 
3/19/2013 21:53 22 18.6 558 34.28 
3/19/2013 21:53 23 17.2 516 31.77 
3/19/2013 21:53 24 17.8 534 32.84 
3/19/2013 21:53 25 19.8 594 36.42 
3/19/2013 21:54 26 19.2 576 35.35 
3/19/2013 21:54 27 24.8 744 45.37 
3/19/2013 21:54 28 32 960 58.25 
3/19/2013 21:54 29 35 1050 63.62 
3/19/2013 21:54 30 35.4 1062 64.33 
3/19/2013 21:54 31 35.6 1068 64.69 
3/19/2013 21:54 32 35.8 1074 65.05 
3/19/2013 21:54 33 35.8 1074 65.05 
3/19/2013 21:54 34 35.8 1074 65.05 
3/19/2013 21:54 35 36 1080 65.4 
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3/19/2013 21:54 36 36 1080 65.4 
3/19/2013 21:54 37 35.8 1074 65.05 
3/19/2013 21:55 38 35.8 1074 65.05 
3/19/2013 21:55 39 35.8 1074 65.05 
3/19/2013 21:55 40 35.6 1068 64.69 
3/19/2013 21:55 41 40.4 1212 73.28 
3/19/2013 21:55 42 53.6 1608 96.9 
3/19/2013 21:55 43 58.2 1746 105.1 
3/19/2013 21:55 44 59.2 1776 106.9 
3/19/2013 21:55 45 59.6 1788 107.6 
3/19/2013 21:55 46 59.2 1776 106.9 
3/19/2013 21:55 47 59 1770 106.6 
3/19/2013 21:55 48 59.6 1788 107.6 
3/19/2013 21:55 49 59 1770 106.6 
3/19/2013 21:56 50 59.2 1776 106.9 
3/19/2013 21:56 51 59.2 1776 106.9 
3/19/2013 21:56 52 59.2 1776 106.9 
3/19/2013 21:56 53 59.2 1776 106.9 
3/19/2013 21:56 54 59.4 1782 107.3 
 
 
Appendix D: Enclosure 224 RPM Results 
0 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/21/2013 12:09 0 9.6 288 18.17 
3/21/2013 12:09 1 9.8 294 18.53 
3/21/2013 12:09 2 9.8 294 18.53 
3/21/2013 12:09 3 10 300 18.89 
3/21/2013 12:09 4 9.8 294 18.53 
3/21/2013 12:09 5 10 300 18.89 
3/21/2013 12:09 6 10.2 306 19.25 
3/21/2013 12:10 7 10 300 18.89 
3/21/2013 12:10 8 10 300 18.89 
3/21/2013 12:10 9 10.2 306 19.25 
3/21/2013 12:10 10 10 300 18.89 
3/21/2013 12:10 11 10.2 306 19.25 
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3/21/2013 12:10 12 10 300 18.89 
3/21/2013 12:10 13 11.6 348 21.75 
3/21/2013 12:10 14 21.8 654 40 
3/21/2013 12:10 15 27.8 834 50.73 
3/21/2013 12:10 16 29.2 876 53.24 
3/21/2013 12:10 17 29.4 882 53.6 
3/21/2013 12:10 18 29.6 888 53.95 
3/21/2013 12:11 19 29.6 888 53.95 
3/21/2013 12:11 20 29.6 888 53.95 
3/21/2013 12:11 21 29.6 888 53.95 
3/21/2013 12:11 22 29.4 882 53.6 
3/21/2013 12:11 23 29.6 888 53.95 
3/21/2013 12:11 24 29.6 888 53.95 
3/21/2013 12:11 25 29.8 894 54.31 
3/21/2013 12:11 26 29.6 888 53.95 
3/21/2013 12:11 27 30.8 924 56.1 
3/21/2013 12:11 28 41.6 1248 75.42 
3/21/2013 12:11 29 48.2 1446 87.2 
3/21/2013 12:11 30 48.8 1464 88.3 
3/21/2013 12:12 31 49 1470 88.7 
3/21/2013 12:12 32 49 1470 88.7 
3/21/2013 12:12 33 49.2 1476 89 
3/21/2013 12:12 34 49 1470 88.7 
3/21/2013 12:12 35 49 1470 88.7 
3/21/2013 12:12 36 49 1470 88.7 
3/21/2013 12:12 37 49 1470 88.7 
3/21/2013 12:12 38 48.8 1464 88.3 
3/21/2013 12:12 39 48.8 1464 88.3 
3/21/2013 12:12 40 48.8 1464 88.3 
3/21/2013 12:12 41 50.2 1506 90.8 
3/21/2013 12:12 42 63.4 1902 114.4 
3/21/2013 12:13 43 68.6 2058 123.7 
3/21/2013 12:13 44 68.8 2064 124.1 
3/21/2013 12:13 45 68.8 2064 124.1 
3/21/2013 12:13 46 68.8 2064 124.1 
3/21/2013 12:13 47 69 2070 124.4 
3/21/2013 12:13 48 68.8 2064 124.1 
3/21/2013 12:13 49 68.8 2064 124.1 
3/21/2013 12:13 50 68.8 2064 124.1 
3/21/2013 12:13 51 68.8 2064 124.1 
3/21/2013 12:13 52 68.8 2064 124.1 
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3/21/2013 12:13 53 69 2070 124.4 
3/21/2013 12:13 54 68.8 2064 124.1 
3/21/2013 12:14 55 69 2070 124.4 
3/21/2013 12:14 56 78.6 2358 141.6 
3/21/2013 12:14 57 86.8 2604 156.3 
3/21/2013 12:14 58 87.8 2634 158.1 
3/21/2013 12:14 59 88 2640 158.4 
3/21/2013 12:14 60 87.8 2634 158.1 
3/21/2013 12:14 61 88 2640 158.4 
3/21/2013 12:14 62 87.8 2634 158.1 
3/21/2013 12:14 63 87.8 2634 158.1 
3/21/2013 12:14 64 87.8 2634 158.1 
3/21/2013 12:14 65 88 2640 158.4 
3/21/2013 12:14 66 87.8 2634 158.1 
3/21/2013 12:15 67 88 2640 158.4 
3/21/2013 12:15 68 87.8 2634 158.1 
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1 Volt 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/21/2013 12:19 0 24.2 726 44.29 
3/21/2013 12:19 1 24.4 732 44.65 
3/21/2013 12:19 2 24.6 738 45.01 
3/21/2013 12:19 3 24.4 732 44.65 
3/21/2013 12:19 4 24.8 744 45.37 
3/21/2013 12:19 5 24.6 738 45.01 
3/21/2013 12:19 6 24.6 738 45.01 
3/21/2013 12:19 7 24.6 738 45.01 
3/21/2013 12:19 8 24.6 738 45.01 
3/21/2013 12:19 9 24.6 738 45.01 
3/21/2013 12:19 10 24.6 738 45.01 
3/21/2013 12:19 11 24.6 738 45.01 
3/21/2013 12:20 12 25.6 768 46.8 
3/21/2013 12:20 13 37.8 1134 68.62 
3/21/2013 12:20 14 44.8 1344 81.1 
3/21/2013 12:20 15 45.4 1362 82.2 
3/21/2013 12:20 16 45.6 1368 82.6 
3/21/2013 12:20 17 45.6 1368 82.6 
3/21/2013 12:20 18 45.6 1368 82.6 
3/21/2013 12:20 19 45.6 1368 82.6 
3/21/2013 12:20 20 45.6 1368 82.6 
3/21/2013 12:20 21 45.8 1374 82.9 
3/21/2013 12:20 22 45.8 1374 82.9 
3/21/2013 12:20 23 45.6 1368 82.6 
3/21/2013 12:21 24 45.6 1368 82.6 
3/21/2013 12:21 25 45.6 1368 82.6 
3/21/2013 12:21 26 46 1380 83.3 
3/21/2013 12:21 27 57.6 1728 104 
3/21/2013 12:21 28 65.4 1962 118 
3/21/2013 12:21 29 66.4 1992 119.8 
3/21/2013 12:21 30 66.2 1986 119.4 
3/21/2013 12:21 31 66.4 1992 119.8 
3/21/2013 12:21 32 66.2 1986 119.4 
3/21/2013 12:21 33 66.4 1992 119.8 
3/21/2013 12:21 34 66.4 1992 119.8 
3/21/2013 12:21 35 66.2 1986 119.4 
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3/21/2013 12:22 36 66.4 1992 119.8 
3/21/2013 12:22 37 66.4 1992 119.8 
3/21/2013 12:22 38 66.2 1986 119.4 
3/21/2013 12:22 39 66.4 1992 119.8 
3/21/2013 12:22 40 66.4 1992 119.8 
3/21/2013 12:22 41 77.2 2316 139.1 
3/21/2013 12:22 42 85.2 2556 153.4 
3/21/2013 12:22 43 85.8 2574 154.5 
3/21/2013 12:22 44 86 2580 154.9 
3/21/2013 12:22 45 85.8 2574 154.5 
3/21/2013 12:22 46 85.8 2574 154.5 
3/21/2013 12:22 47 85.8 2574 154.5 
3/21/2013 12:23 48 85.8 2574 154.5 
3/21/2013 12:23 49 85.8 2574 154.5 
3/21/2013 12:23 50 86 2580 154.9 
3/21/2013 12:23 51 85.8 2574 154.5 
3/21/2013 12:23 52 86 2580 154.9 
3/21/2013 12:23 53 86 2580 154.9 
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2 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/21/2013 12:25 0 21.8 654 40 
3/21/2013 12:25 1 22 660 40.36 
3/21/2013 12:25 2 22.2 666 40.72 
3/21/2013 12:25 3 22.2 666 40.72 
3/21/2013 12:25 4 22 660 40.36 
3/21/2013 12:25 5 22.2 666 40.72 
3/21/2013 12:25 6 22.2 666 40.72 
3/21/2013 12:25 7 22.2 666 40.72 
3/21/2013 12:25 8 22.2 666 40.72 
3/21/2013 12:26 9 22.2 666 40.72 
3/21/2013 12:26 10 22.2 666 40.72 
3/21/2013 12:26 11 22.2 666 40.72 
3/21/2013 12:26 12 22.4 672 41.07 
3/21/2013 12:26 13 33.8 1014 61.47 
3/21/2013 12:26 14 42.6 1278 77.21 
3/21/2013 12:26 15 43.8 1314 79.36 
3/21/2013 12:26 16 43.8 1314 79.36 
3/21/2013 12:26 17 44 1320 79.72 
3/21/2013 12:26 18 43.8 1314 79.36 
3/21/2013 12:26 19 44.2 1326 80.1 
3/21/2013 12:26 20 44 1320 79.72 
3/21/2013 12:27 21 44 1320 79.72 
3/21/2013 12:27 22 43.8 1314 79.36 
3/21/2013 12:27 23 44 1320 79.72 
3/21/2013 12:27 24 44 1320 79.72 
3/21/2013 12:27 25 43.8 1314 79.36 
3/21/2013 12:27 26 44.2 1326 80.1 
3/21/2013 12:27 27 54.4 1632 98.3 
3/21/2013 12:27 28 64.2 1926 115.9 
3/21/2013 12:27 29 65 1950 117.3 
3/21/2013 12:27 30 64.8 1944 116.9 
3/21/2013 12:27 31 65.2 1956 117.6 
3/21/2013 12:27 32 65 1950 117.3 
3/21/2013 12:28 33 65.2 1956 117.6 
3/21/2013 12:28 34 65 1950 117.3 
3/21/2013 12:28 35 65.2 1956 117.6 
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3/21/2013 12:28 36 65 1950 117.3 
3/21/2013 12:28 37 65.2 1956 117.6 
3/21/2013 12:28 38 65.2 1956 117.6 
3/21/2013 12:28 39 65.2 1956 117.6 
3/21/2013 12:28 40 65.4 1962 118 
3/21/2013 12:28 41 76.2 2286 137.3 
3/21/2013 12:28 42 84 2520 151.3 
3/21/2013 12:28 43 84.8 2544 152.7 
3/21/2013 12:28 44 84.6 2538 152.3 
3/21/2013 12:29 45 85 2550 153.1 
3/21/2013 12:29 46 85 2550 153.1 
3/21/2013 12:29 47 85.2 2556 153.4 
3/21/2013 12:29 48 85.4 2562 153.8 
3/21/2013 12:29 49 85.6 2568 154.1 
3/21/2013 12:29 50 85.2 2556 153.4 
3/21/2013 12:29 51 85.6 2568 154.1 
3/21/2013 12:29 52 85.4 2562 153.8 
3/21/2013 12:29 53 85.6 2568 154.1 
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3 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/21/2013 12:31 0 18.4 552 33.92 
3/21/2013 12:31 1 19.4 582 35.71 
3/21/2013 12:31 2 19.8 594 36.42 
3/21/2013 12:31 3 20 600 36.78 
3/21/2013 12:32 4 20.2 606 37.14 
3/21/2013 12:32 5 20 600 36.78 
3/21/2013 12:32 6 20.2 606 37.14 
3/21/2013 12:32 7 20 600 36.78 
3/21/2013 12:32 8 20.2 606 37.14 
3/21/2013 12:32 9 20.2 606 37.14 
3/21/2013 12:32 10 20 600 36.78 
3/21/2013 12:32 11 20.2 606 37.14 
3/21/2013 12:32 12 20 600 36.78 
3/21/2013 12:32 13 24 720 43.94 
3/21/2013 12:32 14 39 1170 70.77 
3/21/2013 12:32 15 42.2 1266 76.5 
3/21/2013 12:33 16 42.8 1284 77.57 
3/21/2013 12:33 17 42.8 1284 77.57 
3/21/2013 12:33 18 43 1290 77.93 
3/21/2013 12:33 19 42.8 1284 77.57 
3/21/2013 12:33 20 43 1290 77.93 
3/21/2013 12:33 21 42.8 1284 77.57 
3/21/2013 12:33 22 43 1290 77.93 
3/21/2013 12:33 23 43 1290 77.93 
3/21/2013 12:33 24 43 1290 77.93 
3/21/2013 12:33 25 42.8 1284 77.57 
3/21/2013 12:33 26 42.8 1284 77.57 
3/21/2013 12:33 27 44.4 1332 80.4 
3/21/2013 12:34 28 58.8 1764 106.2 
3/21/2013 12:34 29 63.8 1914 115.1 
3/21/2013 12:34 30 64 1920 115.5 
3/21/2013 12:34 31 64.2 1926 115.9 
3/21/2013 12:34 32 64.2 1926 115.9 
3/21/2013 12:34 33 64.4 1932 116.2 
3/21/2013 12:34 34 64.2 1926 115.9 
3/21/2013 12:34 35 64.2 1926 115.9 
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3/21/2013 12:34 36 64.2 1926 115.9 
3/21/2013 12:34 37 64.4 1932 116.2 
3/21/2013 12:34 38 64.4 1932 116.2 
3/21/2013 12:34 39 64.4 1932 116.2 
3/21/2013 12:35 40 64.4 1932 116.2 
3/21/2013 12:35 41 66 1980 119.1 
3/21/2013 12:35 42 79.6 2388 143.4 
3/21/2013 12:35 43 83.8 2514 150.9 
3/21/2013 12:35 44 84.2 2526 151.6 
3/21/2013 12:35 45 84.6 2538 152.3 
3/21/2013 12:35 46 84.6 2538 152.3 
3/21/2013 12:35 47 84.8 2544 152.7 
3/21/2013 12:35 48 84.8 2544 152.7 
3/21/2013 12:35 49 85 2550 153.1 
3/21/2013 12:35 50 85 2550 153.1 
3/21/2013 12:35 51 85 2550 153.1 
3/21/2013 12:36 52 85 2550 153.1 
3/21/2013 12:36 53 85.2 2556 153.4 
3/21/2013 12:36 54 85 2550 153.1 
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4 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/21/2013 12:38 0 16.8 504 31.06 
3/21/2013 12:38 1 17 510 31.41 
3/21/2013 12:38 2 16.8 504 31.06 
3/21/2013 12:38 3 16.8 504 31.06 
3/21/2013 12:38 4 16.8 504 31.06 
3/21/2013 12:38 5 16.6 498 30.7 
3/21/2013 12:38 6 16.8 504 31.06 
3/21/2013 12:38 7 16.8 504 31.06 
3/21/2013 12:38 8 16.8 504 31.06 
3/21/2013 12:38 9 16.8 504 31.06 
3/21/2013 12:38 10 17 510 31.41 
3/21/2013 12:39 11 17 510 31.41 
3/21/2013 12:39 12 23.6 708 43.22 
3/21/2013 12:39 13 38.2 1146 69.34 
3/21/2013 12:39 14 40.8 1224 73.99 
3/21/2013 12:39 15 41.2 1236 74.71 
3/21/2013 12:39 16 41.4 1242 75.06 
3/21/2013 12:39 17 41.4 1242 75.06 
3/21/2013 12:39 18 41.2 1236 74.71 
3/21/2013 12:39 19 41.2 1236 74.71 
3/21/2013 12:39 20 41.2 1236 74.71 
3/21/2013 12:39 21 41.6 1248 75.42 
3/21/2013 12:39 22 41.4 1242 75.06 
3/21/2013 12:40 23 41.2 1236 74.71 
3/21/2013 12:40 24 41.4 1242 75.06 
3/21/2013 12:40 25 41.4 1242 75.06 
3/21/2013 12:40 26 44.8 1344 81.1 
3/21/2013 12:40 27 59.8 1794 108 
3/21/2013 12:40 28 62.8 1884 113.3 
3/21/2013 12:40 29 63.4 1902 114.4 
3/21/2013 12:40 30 63.2 1896 114.1 
3/21/2013 12:40 31 63.4 1902 114.4 
3/21/2013 12:40 32 63.4 1902 114.4 
3/21/2013 12:40 33 63.4 1902 114.4 
3/21/2013 12:40 34 63.2 1896 114.1 
3/21/2013 12:41 35 63.6 1908 114.8 
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3/21/2013 12:41 36 63.4 1902 114.4 
3/21/2013 12:41 37 63.4 1902 114.4 
3/21/2013 12:41 38 63.4 1902 114.4 
3/21/2013 12:41 39 63.4 1902 114.4 
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5 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/21/2013 12:42 0 15.6 468 28.91 
3/21/2013 12:42 1 15.8 474 29.27 
3/21/2013 12:42 2 15.6 468 28.91 
3/21/2013 12:42 3 15.6 468 28.91 
3/21/2013 12:43 4 15.8 474 29.27 
3/21/2013 12:43 5 15.8 474 29.27 
3/21/2013 12:43 6 15.8 474 29.27 
3/21/2013 12:43 7 15.8 474 29.27 
3/21/2013 12:43 8 15.6 468 28.91 
3/21/2013 12:43 9 15.6 468 28.91 
3/21/2013 12:43 10 15.8 474 29.27 
3/21/2013 12:43 11 15.6 468 28.91 
3/21/2013 12:43 12 15.6 468 28.91 
3/21/2013 12:43 13 19 570 34.99 
3/21/2013 12:43 14 34.6 1038 62.9 
3/21/2013 12:43 15 39.4 1182 71.49 
3/21/2013 12:44 16 39.8 1194 72.2 
3/21/2013 12:44 17 40.2 1206 72.92 
3/21/2013 12:44 18 40 1200 72.56 
3/21/2013 12:44 19 40 1200 72.56 
3/21/2013 12:44 20 40.2 1206 72.92 
3/21/2013 12:44 21 40 1200 72.56 
3/21/2013 12:44 22 40.2 1206 72.92 
3/21/2013 12:44 23 40.2 1206 72.92 
3/21/2013 12:44 24 40.2 1206 72.92 
3/21/2013 12:44 25 40.2 1206 72.92 
3/21/2013 12:44 26 40.2 1206 72.92 
3/21/2013 12:44 27 43.4 1302 78.64 
3/21/2013 12:45 28 58.4 1752 105.5 
3/21/2013 12:45 29 62.2 1866 112.3 
3/21/2013 12:45 30 62.4 1872 112.6 
3/21/2013 12:45 31 62.4 1872 112.6 
3/21/2013 12:45 32 62.6 1878 113 
3/21/2013 12:45 33 62.4 1872 112.6 
3/21/2013 12:45 34 62.6 1878 113 
3/21/2013 12:45 35 62.6 1878 113 
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3/21/2013 12:45 36 62.4 1872 112.6 
3/21/2013 12:45 37 62.4 1872 112.6 
3/21/2013 12:45 38 62.6 1878 113 
3/21/2013 12:45 39 62.4 1872 112.6 
3/21/2013 12:46 40 62.6 1878 113 
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Appendix E: Enclosure 333 RPM Results 
0 Volts 
  
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:45 0 28.8 864 52.52 
3/20/2013 21:45 1 29.6 888 53.95 
3/20/2013 21:45 2 29.4 882 53.6 
3/20/2013 21:45 3 29.6 888 53.95 
3/20/2013 21:45 4 29.6 888 53.95 
3/20/2013 21:45 5 29.6 888 53.95 
3/20/2013 21:45 6 29.8 894 54.31 
3/20/2013 21:45 7 29.6 888 53.95 
3/20/2013 21:45 8 29.8 894 54.31 
3/20/2013 21:45 9 29.8 894 54.31 
3/20/2013 21:45 10 29.8 894 54.31 
3/20/2013 21:45 11 29.8 894 54.31 
3/20/2013 21:46 12 30.2 906 55.03 
3/20/2013 21:46 13 41 1230 74.35 
3/20/2013 21:46 14 50.2 1506 90.8 
3/20/2013 21:46 15 52 1560 94 
3/20/2013 21:46 16 52.2 1566 94.4 
3/20/2013 21:46 17 52.4 1572 94.7 
3/20/2013 21:46 18 52.6 1578 95.1 
3/20/2013 21:46 19 52.4 1572 94.7 
3/20/2013 21:46 20 52.4 1572 94.7 
3/20/2013 21:46 21 52.4 1572 94.7 
3/20/2013 21:46 22 52.6 1578 95.1 
3/20/2013 21:46 23 53 1590 95.8 
3/20/2013 21:47 24 52.8 1584 95.5 
3/20/2013 21:47 25 57.8 1734 104.4 
3/20/2013 21:47 26 70.8 2124 127.7 
3/20/2013 21:47 27 73.2 2196 132 
3/20/2013 21:47 28 73.8 2214 133 
3/20/2013 21:47 29 74 2220 133.4 
3/20/2013 21:47 30 74.2 2226 133.7 
3/20/2013 21:47 31 74.6 2238 134.5 
3/20/2013 21:47 32 74.4 2232 134.1 
3/20/2013 21:47 33 74.6 2238 134.5 
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3/20/2013 21:47 34 73.8 2214 133 
3/20/2013 21:47 35 74.2 2226 133.7 
3/20/2013 21:48 36 74.4 2232 134.1 
3/20/2013 21:48 37 74.2 2226 133.7 
3/20/2013 21:48 38 73.4 2202 132.3 
3/20/2013 21:48 39 74 2220 133.4 
3/20/2013 21:48 40 73.8 2214 133 
3/20/2013 21:48 41 73.6 2208 132.7 
3/20/2013 21:48 42 73.4 2202 132.3 
3/20/2013 21:48 43 74.6 2238 134.5 
3/20/2013 21:48 44 85.2 2556 153.4 
3/20/2013 21:48 45 81.6 2448 147 
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1 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:51 0 25.4 762 46.44 
3/20/2013 21:51 1 25.6 768 46.8 
3/20/2013 21:51 2 25.6 768 46.8 
3/20/2013 21:51 3 25.6 768 46.8 
3/20/2013 21:51 4 25.6 768 46.8 
3/20/2013 21:51 5 25.8 774 47.16 
3/20/2013 21:51 6 25.8 774 47.16 
3/20/2013 21:52 7 25.8 774 47.16 
3/20/2013 21:52 8 25.8 774 47.16 
3/20/2013 21:52 9 25.8 774 47.16 
3/20/2013 21:52 10 25.8 774 47.16 
3/20/2013 21:52 11 26 780 47.51 
3/20/2013 21:52 12 26.2 786 47.87 
3/20/2013 21:52 13 31 930 56.46 
3/20/2013 21:52 14 45 1350 81.5 
3/20/2013 21:52 15 48.4 1452 87.6 
3/20/2013 21:52 16 48.8 1464 88.3 
3/20/2013 21:52 17 48.8 1464 88.3 
3/20/2013 21:52 18 48.8 1464 88.3 
3/20/2013 21:53 19 48.8 1464 88.3 
3/20/2013 21:53 20 49 1470 88.7 
3/20/2013 21:53 21 49 1470 88.7 
3/20/2013 21:53 22 49 1470 88.7 
3/20/2013 21:53 23 48.8 1464 88.3 
3/20/2013 21:53 24 49 1470 88.7 
3/20/2013 21:53 25 49 1470 88.7 
3/20/2013 21:53 26 50 1500 90.5 
3/20/2013 21:53 27 64.2 1926 115.9 
3/20/2013 21:53 28 70.4 2112 126.9 
3/20/2013 21:53 29 70.6 2118 127.3 
3/20/2013 21:53 30 70.2 2106 126.6 
3/20/2013 21:54 31 70.2 2106 126.6 
3/20/2013 21:54 32 70.4 2112 126.9 
3/20/2013 21:54 33 70.4 2112 126.9 
3/20/2013 21:54 34 70.4 2112 126.9 
3/20/2013 21:54 35 70.6 2118 127.3 
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3/20/2013 21:54 36 70.8 2124 127.7 
3/20/2013 21:54 37 70.8 2124 127.7 
3/20/2013 21:54 38 70.8 2124 127.7 
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2 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:56 0 22.6 678 41.43 
3/20/2013 21:56 1 22.6 678 41.43 
3/20/2013 21:56 2 22.6 678 41.43 
3/20/2013 21:56 3 22.6 678 41.43 
3/20/2013 21:56 4 22.6 678 41.43 
3/20/2013 21:56 5 22.6 678 41.43 
3/20/2013 21:56 6 22.4 672 41.07 
3/20/2013 21:57 7 22.6 678 41.43 
3/20/2013 21:57 8 22.6 678 41.43 
3/20/2013 21:57 9 22.4 672 41.07 
3/20/2013 21:57 10 22.6 678 41.43 
3/20/2013 21:57 11 22.4 672 41.07 
3/20/2013 21:57 12 23.6 708 43.22 
3/20/2013 21:57 13 37.6 1128 68.27 
3/20/2013 21:57 14 45 1350 81.5 
3/20/2013 21:57 15 45.6 1368 82.6 
3/20/2013 21:57 16 46 1380 83.3 
3/20/2013 21:57 17 46 1380 83.3 
3/20/2013 21:57 18 46.2 1386 83.7 
3/20/2013 21:58 19 46.4 1392 84 
3/20/2013 21:58 20 46.2 1386 83.7 
3/20/2013 21:58 21 46.2 1386 83.7 
3/20/2013 21:58 22 46.4 1392 84 
3/20/2013 21:58 23 46.4 1392 84 
3/20/2013 21:58 24 46.2 1386 83.7 
3/20/2013 21:58 25 46.4 1392 84 
3/20/2013 21:58 26 56.2 1686 101.5 
3/20/2013 21:58 27 67.8 2034 122.3 
3/20/2013 21:58 28 69.4 2082 125.2 
3/20/2013 21:58 29 69.8 2094 125.9 
3/20/2013 21:58 30 69.6 2088 125.5 
3/20/2013 21:59 31 69.8 2094 125.9 
3/20/2013 21:59 32 69.8 2094 125.9 
3/20/2013 21:59 33 69.8 2094 125.9 
3/20/2013 21:59 34 70 2100 126.2 
3/20/2013 21:59 35 70 2100 126.2 
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3/20/2013 21:59 36 70 2100 126.2 
3/20/2013 21:59 37 70 2100 126.2 
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3 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 22:01 0 20.2 606 37.14 
3/20/2013 22:01 1 20.6 618 37.85 
3/20/2013 22:01 2 20.6 618 37.85 
3/20/2013 22:01 3 20.6 618 37.85 
3/20/2013 22:01 4 20.6 618 37.85 
3/20/2013 22:01 5 20.6 618 37.85 
3/20/2013 22:01 6 20.8 624 38.21 
3/20/2013 22:01 7 20.6 618 37.85 
3/20/2013 22:01 8 20.6 618 37.85 
3/20/2013 22:02 9 20.6 618 37.85 
3/20/2013 22:02 10 20.8 624 38.21 
3/20/2013 22:02 11 20.8 624 38.21 
3/20/2013 22:02 12 20.8 624 38.21 
3/20/2013 22:02 13 29.4 882 53.6 
3/20/2013 22:02 14 42.4 1272 76.85 
3/20/2013 22:02 15 44.2 1326 80.1 
3/20/2013 22:02 16 44.4 1332 80.4 
3/20/2013 22:02 17 44.6 1338 80.8 
3/20/2013 22:02 18 44.4 1332 80.4 
3/20/2013 22:02 19 44.6 1338 80.8 
3/20/2013 22:02 20 44.4 1332 80.4 
3/20/2013 22:03 21 44.4 1332 80.4 
3/20/2013 22:03 22 44.6 1338 80.8 
3/20/2013 22:03 23 44.6 1338 80.8 
3/20/2013 22:03 24 44.4 1332 80.4 
3/20/2013 22:03 25 49 1470 88.7 
3/20/2013 22:03 26 64.6 1938 116.6 
3/20/2013 22:03 27 68 2040 122.7 
3/20/2013 22:03 28 68.4 2052 123.4 
3/20/2013 22:03 29 68.4 2052 123.4 
3/20/2013 22:03 30 68.6 2058 123.7 
3/20/2013 22:03 31 68.8 2064 124.1 
3/20/2013 22:03 32 68.8 2064 124.1 
3/20/2013 22:04 33 69.2 2076 124.8 
3/20/2013 22:04 34 68.8 2064 124.1 
3/20/2013 22:04 35 69 2070 124.4 
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3/20/2013 22:04 36 69 2070 124.4 
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4 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 22:05 0 18.6 558 34.28 
3/20/2013 22:05 1 18.6 558 34.28 
3/20/2013 22:05 2 19 570 34.99 
3/20/2013 22:06 3 19 570 34.99 
3/20/2013 22:06 4 19 570 34.99 
3/20/2013 22:06 5 19.2 576 35.35 
3/20/2013 22:06 6 19.4 582 35.71 
3/20/2013 22:06 7 19.2 576 35.35 
3/20/2013 22:06 8 19.4 582 35.71 
3/20/2013 22:06 9 19.4 582 35.71 
3/20/2013 22:06 10 19.2 576 35.35 
3/20/2013 22:06 11 19.4 582 35.71 
3/20/2013 22:06 12 19.4 582 35.71 
3/20/2013 22:06 13 23.2 696 42.5 
3/20/2013 22:06 14 38.6 1158 70.06 
3/20/2013 22:07 15 42.6 1278 77.21 
3/20/2013 22:07 16 42.8 1284 77.57 
3/20/2013 22:07 17 42.8 1284 77.57 
3/20/2013 22:07 18 42.8 1284 77.57 
3/20/2013 22:07 19 43 1290 77.93 
3/20/2013 22:07 20 42.8 1284 77.57 
3/20/2013 22:07 21 42.8 1284 77.57 
3/20/2013 22:07 22 43 1290 77.93 
3/20/2013 22:07 23 42.8 1284 77.57 
3/20/2013 22:07 24 43 1290 77.93 
3/20/2013 22:07 25 43 1290 77.93 
3/20/2013 22:07 26 50.4 1512 91.2 
3/20/2013 22:08 27 64.8 1944 116.9 
3/20/2013 22:08 28 66.8 2004 120.5 
3/20/2013 22:08 29 67.2 2016 121.2 
3/20/2013 22:08 30 67.4 2022 121.6 
3/20/2013 22:08 31 67.4 2022 121.6 
3/20/2013 22:08 32 67.2 2016 121.2 
3/20/2013 22:08 33 67.4 2022 121.6 
3/20/2013 22:08 34 67.4 2022 121.6 
3/20/2013 22:08 35 67.6 2028 121.9 
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3/20/2013 22:08 36 67.2 2016 121.2 
3/20/2013 22:08 37 67.4 2022 121.6 
3/20/2013 22:08 38 67.6 2028 121.9 
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5 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 22:10 0 18.8 564 34.63 
3/20/2013 22:10 1 18.8 564 34.63 
3/20/2013 22:10 2 18.8 564 34.63 
3/20/2013 22:10 3 19 570 34.99 
3/20/2013 22:10 4 19 570 34.99 
3/20/2013 22:11 5 19.2 576 35.35 
3/20/2013 22:11 6 19 570 34.99 
3/20/2013 22:11 7 19 570 34.99 
3/20/2013 22:11 8 19.2 576 35.35 
3/20/2013 22:11 9 19 570 34.99 
3/20/2013 22:11 10 18.8 564 34.63 
3/20/2013 22:11 11 19 570 34.99 
3/20/2013 22:11 12 20.2 606 37.14 
3/20/2013 22:11 13 35.2 1056 63.97 
3/20/2013 22:11 14 41.8 1254 75.78 
3/20/2013 22:11 15 42.6 1278 77.21 
3/20/2013 22:11 16 42.6 1278 77.21 
3/20/2013 22:12 17 42.8 1284 77.57 
3/20/2013 22:12 18 42.8 1284 77.57 
3/20/2013 22:12 19 42.6 1278 77.21 
3/20/2013 22:12 20 42.8 1284 77.57 
3/20/2013 22:12 21 42.8 1284 77.57 
3/20/2013 22:12 22 42.8 1284 77.57 
3/20/2013 22:12 23 43 1290 77.93 
3/20/2013 22:12 24 43 1290 77.93 
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Appendix F: Enclosure 334 RPM Results 
0 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 20:37 0 39.2 1176 71.13 
3/20/2013 20:37 1 39.2 1176 71.13 
3/20/2013 20:37 2 39.2 1176 71.13 
3/20/2013 20:37 3 39.2 1176 71.13 
3/20/2013 20:37 4 39.4 1182 71.49 
3/20/2013 20:37 5 39.4 1182 71.49 
3/20/2013 20:38 6 39.2 1176 71.13 
3/20/2013 20:38 7 39.6 1188 71.84 
3/20/2013 20:38 8 39.4 1182 71.49 
3/20/2013 20:38 9 39.4 1182 71.49 
3/20/2013 20:38 10 39.6 1188 71.84 
3/20/2013 20:38 11 39.6 1188 71.84 
3/20/2013 20:38 12 39.4 1182 71.49 
3/20/2013 20:38 13 46.2 1386 83.7 
3/20/2013 20:38 14 62.2 1866 112.3 
3/20/2013 20:38 15 66 1980 119.1 
3/20/2013 20:38 16 66.8 2004 120.5 
3/20/2013 20:38 17 67.2 2016 121.2 
3/20/2013 20:39 18 67.4 2022 121.6 
3/20/2013 20:39 19 67.4 2022 121.6 
3/20/2013 20:39 20 67.6 2028 121.9 
3/20/2013 20:39 21 67.6 2028 121.9 
3/20/2013 20:39 22 67.4 2022 121.6 
3/20/2013 20:39 23 67.6 2028 121.9 
3/20/2013 20:39 24 67 2010 120.9 
3/20/2013 20:39 25 66 1980 119.1 
3/20/2013 20:39 26 65 1950 117.3 
3/20/2013 20:39 27 67.6 2028 121.9 
3/20/2013 20:39 28 82.8 2484 149.1 
3/20/2013 20:39 29 90 2700 162 
3/20/2013 20:40 30 92.4 2772 166.3 
3/20/2013 20:40 31 92.8 2784 167 
3/20/2013 20:40 32 92.8 2784 167 
3/20/2013 20:40 33 93.2 2796 167.7 
3/20/2013 20:40 34 93.4 2802 168.1 
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3/20/2013 20:40 35 93.4 2802 168.1 
3/20/2013 20:40 36 92.6 2778 166.7 
3/20/2013 20:40 37 92.6 2778 166.7 
3/20/2013 20:40 38 92.6 2778 166.7 
3/20/2013 20:40 39 93 2790 167.4 
3/20/2013 20:40 40 94.2 2826 169.5 
3/20/2013 20:40 41 94.6 2838 170.2 
3/20/2013 20:41 42 94.4 2832 169.9 
3/20/2013 20:41 43 93.6 2808 168.5 
3/20/2013 20:41 44 92.8 2784 167 
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1 Volt 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:04 0 32 960 58.25 
3/20/2013 21:04 1 32.2 966 58.61 
3/20/2013 21:04 2 32.4 972 58.96 
3/20/2013 21:04 3 32.4 972 58.96 
3/20/2013 21:04 4 32.4 972 58.96 
3/20/2013 21:04 5 32.4 972 58.96 
3/20/2013 21:04 6 32.6 978 59.32 
3/20/2013 21:05 7 32.6 978 59.32 
3/20/2013 21:05 8 32.4 972 58.96 
3/20/2013 21:05 9 32.6 978 59.32 
3/20/2013 21:05 10 32.4 972 58.96 
3/20/2013 21:05 11 32.8 984 59.68 
3/20/2013 21:05 12 32.6 978 59.32 
3/20/2013 21:05 13 33.2 996 60.39 
3/20/2013 21:05 14 47.2 1416 85.4 
3/20/2013 21:05 15 57.4 1722 103.7 
3/20/2013 21:05 16 59 1770 106.6 
3/20/2013 21:05 17 59.2 1776 106.9 
3/20/2013 21:05 18 59.2 1776 106.9 
3/20/2013 21:06 19 59 1770 106.6 
3/20/2013 21:06 20 59.2 1776 106.9 
3/20/2013 21:06 21 59.4 1782 107.3 
3/20/2013 21:06 22 59.4 1782 107.3 
3/20/2013 21:06 23 59.4 1782 107.3 
3/20/2013 21:06 24 59.2 1776 106.9 
3/20/2013 21:06 25 60.2 1806 108.7 
3/20/2013 21:06 26 75.4 2262 135.9 
3/20/2013 21:06 27 82.6 2478 148.8 
3/20/2013 21:06 28 82.8 2484 149.1 
3/20/2013 21:06 29 82.8 2484 149.1 
3/20/2013 21:06 30 82.4 2472 148.4 
3/20/2013 21:07 31 82.6 2478 148.8 
3/20/2013 21:07 32 82.6 2478 148.8 
3/20/2013 21:07 33 82.4 2472 148.4 
3/20/2013 21:07 34 82.6 2478 148.8 
3/20/2013 21:07 35 81.8 2454 147.3 
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3/20/2013 21:07 36 81.8 2454 147.3 
3/20/2013 21:07 37 81.8 2454 147.3 
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2 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:09 0 26.8 804 48.95 
3/20/2013 21:09 1 29 870 52.88 
3/20/2013 21:09 2 29.6 888 53.95 
3/20/2013 21:09 3 29.8 894 54.31 
3/20/2013 21:09 4 29.8 894 54.31 
3/20/2013 21:09 5 30 900 54.67 
3/20/2013 21:09 6 29.8 894 54.31 
3/20/2013 21:09 7 29.8 894 54.31 
3/20/2013 21:10 8 30 900 54.67 
3/20/2013 21:10 9 30 900 54.67 
3/20/2013 21:10 10 30 900 54.67 
3/20/2013 21:10 11 30 900 54.67 
3/20/2013 21:10 12 29.8 894 54.31 
3/20/2013 21:10 13 33.4 1002 60.75 
3/20/2013 21:10 14 50.8 1524 91.9 
3/20/2013 21:10 15 57 1710 103 
3/20/2013 21:10 16 57.6 1728 104 
3/20/2013 21:10 17 57.8 1734 104.4 
3/20/2013 21:10 18 58 1740 104.8 
3/20/2013 21:10 19 58 1740 104.8 
3/20/2013 21:11 20 58 1740 104.8 
3/20/2013 21:11 21 58 1740 104.8 
3/20/2013 21:11 22 58 1740 104.8 
3/20/2013 21:11 23 58 1740 104.8 
3/20/2013 21:11 24 58 1740 104.8 
3/20/2013 21:11 25 59.6 1788 107.6 
3/20/2013 21:11 26 75.4 2262 135.9 
3/20/2013 21:11 27 81 2430 145.9 
3/20/2013 21:11 28 81.4 2442 146.6 
3/20/2013 21:11 29 81.6 2448 147 
3/20/2013 21:11 30 81.4 2442 146.6 
3/20/2013 21:11 31 81.6 2448 147 
3/20/2013 21:12 32 81.8 2454 147.3 
3/20/2013 21:12 33 81.6 2448 147 
3/20/2013 21:12 34 81.4 2442 146.6 
3/20/2013 21:12 35 81 2430 145.9 
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3/20/2013 21:12 36 80.6 2418 145.2 
3/20/2013 21:12 37 80.2 2406 144.5 
3/20/2013 21:12 38 80.2 2406 144.5 
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3 Volts  
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:14 0 27 810 49.3 
3/20/2013 21:14 1 27.4 822 50.02 
3/20/2013 21:14 2 27.8 834 50.73 
3/20/2013 21:14 3 27.8 834 50.73 
3/20/2013 21:14 4 27.8 834 50.73 
3/20/2013 21:14 5 28 840 51.09 
3/20/2013 21:14 6 28 840 51.09 
3/20/2013 21:15 7 27.8 834 50.73 
3/20/2013 21:15 8 28.2 846 51.45 
3/20/2013 21:15 9 28.2 846 51.45 
3/20/2013 21:15 10 28.2 846 51.45 
3/20/2013 21:15 11 28.2 846 51.45 
3/20/2013 21:15 12 28.4 852 51.81 
3/20/2013 21:15 13 30.2 906 55.03 
3/20/2013 21:15 14 47.2 1416 85.4 
3/20/2013 21:15 15 55.2 1656 99.8 
3/20/2013 21:15 16 56.2 1686 101.5 
3/20/2013 21:15 17 56 1680 101.2 
3/20/2013 21:15 18 56.2 1686 101.5 
3/20/2013 21:16 19 56.2 1686 101.5 
3/20/2013 21:16 20 56.4 1692 101.9 
3/20/2013 21:16 21 56.4 1692 101.9 
3/20/2013 21:16 22 56.2 1686 101.5 
3/20/2013 21:16 23 56.4 1692 101.9 
3/20/2013 21:16 24 56.6 1698 102.3 
3/20/2013 21:16 25 56.4 1692 101.9 
3/20/2013 21:16 26 56.4 1692 101.9 
3/20/2013 21:16 27 56.4 1692 101.9 
3/20/2013 21:16 28 67 2010 120.9 
3/20/2013 21:16 29 79.6 2388 143.4 
3/20/2013 21:16 30 80 2400 144.1 
3/20/2013 21:17 31 80.2 2406 144.5 
3/20/2013 21:17 32 80.2 2406 144.5 
3/20/2013 21:17 33 80.4 2412 144.8 
3/20/2013 21:17 34 80.4 2412 144.8 
3/20/2013 21:17 35 80.4 2412 144.8 
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3/20/2013 21:17 36 80.4 2412 144.8 
3/20/2013 21:17 37 80.4 2412 144.8 
3/20/2013 21:17 38 80.8 2424 145.6 
3/20/2013 21:17 39 80.8 2424 145.6 
3/20/2013 21:17 40 80.8 2424 145.6 
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4 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:19 0 25.2 756 46.08 
3/20/2013 21:19 1 25.6 768 46.8 
3/20/2013 21:19 2 26.2 786 47.87 
3/20/2013 21:19 3 26.4 792 48.23 
3/20/2013 21:20 4 26.6 798 48.59 
3/20/2013 21:20 5 26.6 798 48.59 
3/20/2013 21:20 6 26.2 786 47.87 
3/20/2013 21:20 7 26.2 786 47.87 
3/20/2013 21:20 8 26.2 786 47.87 
3/20/2013 21:20 9 26.2 786 47.87 
3/20/2013 21:20 10 26 780 47.51 
3/20/2013 21:20 11 26.2 786 47.87 
3/20/2013 21:20 12 26.2 786 47.87 
3/20/2013 21:20 13 28.4 852 51.81 
3/20/2013 21:20 14 46.6 1398 84.4 
3/20/2013 21:20 15 54.2 1626 98 
3/20/2013 21:21 16 55 1650 99.4 
3/20/2013 21:21 17 55.4 1662 100.1 
3/20/2013 21:21 18 55.2 1656 99.8 
3/20/2013 21:21 19 55 1650 99.4 
3/20/2013 21:21 20 55.2 1656 99.8 
3/20/2013 21:21 21 55.4 1662 100.1 
3/20/2013 21:21 22 55.4 1662 100.1 
3/20/2013 21:21 23 55.6 1668 100.5 
3/20/2013 21:21 24 55.2 1656 99.8 
3/20/2013 21:21 25 55 1650 99.4 
3/20/2013 21:21 26 60 1800 108.3 
3/20/2013 21:21 27 77.4 2322 139.5 
3/20/2013 21:22 28 79.6 2388 143.4 
3/20/2013 21:22 29 79.6 2388 143.4 
3/20/2013 21:22 30 79.6 2388 143.4 
3/20/2013 21:22 31 80 2400 144.1 
3/20/2013 21:22 32 79.8 2394 143.8 
3/20/2013 21:22 33 80 2400 144.1 
3/20/2013 21:22 34 80 2400 144.1 
3/20/2013 21:22 35 80 2400 144.1 
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3/20/2013 21:22 36 80 2400 144.1 
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5 Volts 
TOA5 CR1000 CR1000 40944 CR1000.Std.22 
TIMESTAMP RECORD frequency_Avg rpm_Avg mph_Avg 
TS RN       
    Avg Avg Avg 
3/20/2013 21:24 0 24 720 43.94 
3/20/2013 21:24 1 24.2 726 44.29 
3/20/2013 21:24 2 24.4 732 44.65 
3/20/2013 21:25 3 24.2 726 44.29 
3/20/2013 21:25 4 24.4 732 44.65 
3/20/2013 21:25 5 24.4 732 44.65 
3/20/2013 21:25 6 24.2 726 44.29 
3/20/2013 21:25 7 24.4 732 44.65 
3/20/2013 21:25 8 24.2 726 44.29 
3/20/2013 21:25 9 24.2 726 44.29 
3/20/2013 21:25 10 24.4 732 44.65 
3/20/2013 21:25 11 24 720 43.94 
3/20/2013 21:25 12 24.2 726 44.29 
3/20/2013 21:25 13 26.6 798 48.59 
3/20/2013 21:25 14 45.2 1356 81.9 
3/20/2013 21:26 15 53 1590 95.8 
3/20/2013 21:26 16 54.2 1626 98 
3/20/2013 21:26 17 54 1620 97.6 
3/20/2013 21:26 18 54.2 1626 98 
3/20/2013 21:26 19 54.4 1632 98.3 
3/20/2013 21:26 20 54.2 1626 98 
3/20/2013 21:26 21 54 1620 97.6 
3/20/2013 21:26 22 54.2 1626 98 
3/20/2013 21:26 23 54.4 1632 98.3 
 
 
